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PREFACE 

This hook has been in reajwiwo to many requesta, to met*i 

the needsi of those studying for the Pharmaceutical Society’i 
Diplomas and for Degrees in Pharmacy. It includes the whole ol 
the theoretical and practical idiarmaceutical chemistry and genera 
organic chemistry necessary for the C’hemist and Druggist Qualify* 
ing Examination, and provides a groundwork in pharmaceutical 
chemistry for those reading for higher examinations. 

Throughout the hook it has Ixhui assumed that the student has 
previously completed a course in general inorganic chemistry, 
including qualitative and volumetric analysis, of the standard of the 
Pharmaceutical Society’s Preliminary Scientific Examination, or of 
Intermediate ^Examinations for Degrees in I’harraacy. 

We wish to thank Professor F. S. Kipping, F.R.S., for kindly 
reading through the hulk of the manuscript and suggesting many 
valuable improvements, and also for iH?rmitting us to include in the 
Appendix a scheme for the identification of organic compounds 
which is in use at this (College. We also wish to acknowledge the 
help recAvod from several of our colleagues, particularly Dr. H. S. 
Holden, Dr. J. B. Firth, F.I.f\, and Mr. F. 8. Watson, M.Sc. The 
illustrations were prepared for us by Mr. F. H. Clarke. 

We are indebted to the Editor of the Pharmaceutical Jmmal for 
})ermi88ion to draw upon articles, written by one of us, which have 
appeared from time to time in the Journal. 

Full use has been made of the information contained in current 
standard works, and, in a large niiml)er of cases, original papers 
have been consulted. 

A. 0. B. 

J. E. D. 

UinVERSITy COLLKGE, XoTTINflHAM, 

September, 1925. 
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INTRODUCTION 

Pharmaceutical Chemistry may be defined as that branch of 
applied chemistry which treats of the chemical substances used in 
medicine, their preparation, properties, and identification, and the 
methods en^ployed in determining their purity. 

Part I. of this book is concerned almost exclusively with the 
inorganic substances of the British Pharmacopoeia.^ The non* 
metals and substances derived from them are in each case prefaced 
by a few introductory remarks designed to recall to the student the 
essential facts which he has or should have acquired during his 
studies in general chemistry. In the case of the metals, such re* 
marks are confined to introductory paragr^)h8 immediately pre- 
ceding the compounds of each element. In Part II., which gives a 
systematic account of organic chemistry, particular emphasis has 
been laid upon sul)8tances included in the Pharmacopoeia. 

In both Parts, official substances are distinguish^ by the type 
employed in the headings. The more important are denoted by 
their liatin titles being printed in the centre of the page in heavy 
capitals, the English names, and synonyms if any, l:«ing placed 
below in ordinary type, thus : 

SPIRITUS RECTIFICATUS 

Alcohol (90 per cent). Syn. Rectified Spirit 

Official substances of lesser importance are indicated by the use 
of small heavy typo at the side of the page for their Latin titles, 
followed by the English names in italics, and synonyms, if any, in 
ordinary typo, thus : 

Chloral Formamldum. Chloral Formamide, Syn. Chloral- 
amide. 

It is important to understand the difference between a chemical 
compound and an official substance of the same name. The official 
substance is a commercial product which is required to comply with 
certain standards of purity, and which may, in some cases, be 
dir^ted to contain small quantities of other substances, added for 
some special reason. Thus, Acidum Hydriodicum Dilutipm is « 
solhtioD of hydriodic acid of a certain strength, containing a small 

* For convenience, the organic udta of metals are dealt with in Ibait L 
ix« 
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amount o{ hypophoi^horous acid ; and Chloroformum contains, in 
addition to chloroform, a small proportion St ethyl alcohol. 

In the body of the text, when it is desired to imply that a sub- 
stance mentioned is of official standard, the official L^tin or English 
name, with capital initial letters, has been employed ; for example^ 
Solution of Ammonia, Solution of Ferric Sulphate, Ammonii 
Carbonas. 

It is intended that the reading of this book should be ac- 
companied by a study of the corresponding portions of the 
Pharmacopoeia. 

• Practical Work 

The fcXlcwing remarks should be read carefully by the studerU 
before beginning! the practical study of the subject. • 

Preparations. — Some official substances are prepared on the 
large scale by methods which cannot be conveniently reproduced in 
the laboratory, and in these cases the manufacturing processes have 
been described in brief and general terms. It is important, how- 
ever, that the student should himself prepare as many official 
compounds as possible, and, whore practicable, full laboratory 
details have been dven. When parts are mentioned, it is to be 
understood that solids are by weight in grammes, and liquids by 
measure in mils. 

A knowledge of the usual methods of preparation of chemical 
substances will often be found of great assistance in affording 
indications as to the source of common impurities. 

Properties. — A substance which has been prepared, or which is 

g ’ven to the student to be examined for impurities, should always 
) compared as to its general appearance and physical properties 
with the description of the substance given under the heaoing of 
Properties, Anv special chemical tests for identity which are 
mentioned should be applied. • 

Tests for Impurities. — Before testing a substance for impurities 
it is necessary to identify it, if its identity is unknown ; or other- 
wise to ascertain whether it is, in the main, what it is represented 
to be. The substance may be identified by the ordinary methods 
of Qualitative analysis ; and, to assist the student in this, analytical 
tables sufficient for the purpose are included in the Appendix. 
During the course of' the analysis, valuable indications may be 
obtained as to the nature of impurities present. 

The tests ^ven for impurities other than metals have been made, 
as far as possible, independent of one. another, and may be applied 
to separate portions of the substance. 

In the cast of metallic impurities, however, it is essential that the 
metals of each analytical group be removed by the usual methods of 
groun a^ysis before testing for metals of subsequent groups. Generally, 
9 solutien conUdning about two grammes of the substance should 
be prepared. Separate portions of this solution are tested for each 
metal uf the order given, and when a metallic impurity is found it is 
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removed from the maii^ solution, portions of the filtrate j^ing thei 
tested for metals of later groups, and so on. 

It need hardly be emphasis^ that the reagents employed h 
testihg for impurities must themselvSs be analytically pure. Whez 
any doubt exists, the student should conduct blank tests on the 
rea^nts. Throughout the text the term “water*' should be 
understood to mean distilled water. 

The tests for impurities havb usually been selected as being^suofa 
that the student can easily and conveniently carry out in the 
la^ratory, and are not necessarily the most delicate tests that 
could be employed in analytical practice. , 

Arsenic and Lead Limits. — ^Tho student should have a^endhil 
knowledge of the official load and arsenic limit'tests as described in 
Chapter All. He should be able to estimate the quantity of lead 
present in any of the official substances for which a limit is pre- 
scribed, and should carry out at least one estimation for arsemo — 
this last not so much with the idea of obtaining an accurate result, 
which requires considerable exiierience, but in order to become 
familiar with the details of the process. 

It has not been thought necessary to include descriptions of the 
various electrolytic and other modifications of the quantitative 
Gutzeit test as commonly employinl in analytical laboratories. 

Quantitative Estimations. — It is not feasible for the student to 
perform every volumetric exercise described in this book, but it is 
important that the selection should be as varied and representative 
as possible. To assist in the arrangement of courses of volumetric 
analysis, a classified list of estimations is given at the end of the 
book. Chiefly for the benefit of those studying for the higher 
examinations, a number of the more important gravimetric deter- 
minations of the Pharmacop<£ia have been included. 

The detaib of procedure and the quantities to be employed in 
quantitative estimations are such as would bo normally employed 
in practice, and do not, as a rule, adhere rigidly to the text of the 
Pharmacopoeia. In this connection we quote the following from 
the Preface to the Pharmacopceia, p. xiv. : “ In quantitative test- 
ing, the specified amounts of solid or liquid substances are to be 
regarded as proportions indicating official standards of purity ; they 
are not necessarily prescribed as the weights or volumes to be 
actually used in the operations. ... In short, the details of pro- 
cedure in these and other chemical operations are now left to the 
skill and judgment of pharmacists and of analysts who are assumed 
to be fully trained ”. 

Volumes have been expressed in terms of the millilitre, which is 
the one-thousandth part of the International Litre. This system is 
employed in the Pharmacopoeia, and is becoming generally adopted 
in scientific work. Throughout, the abbreviation “mil ”, which is 
re^mmised by the Board of Tiade, has been used. * > 

sign s is used, in statements derived from equations, as 
meaning “ is (or are) equivalent to 
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CHAPTER I 


OXIDES OF HYDROGEN 

WATER, Efi 

(Mol. Wt.-18) 

At tho present day, the ordinary drinking-water obtained from 
public sources of supply is remarkably pure ; the pollution by 
sewage, etc., of the rivers and streams from which water for genord 
purposes is obtained has become almost non-existent, while 
purification in the way of filtration and destruction of organic 
matter has reached a very high standard. Nevertheless, as most 
springs and rivers at some time during their course pass over or 
through calcareous or clayey soils, it follows that traces of calcium 
and magnesium salts are often found in tho otherwise pure product. 
For ordinary purposes it is neither necessary nor desirable to remove 
these ; but when the water is to be used lor scientific purposes, or 
in the preparation of medicines, tho traces of dissolved salts may 
produce untoward results by precipitation,* producing a cloudy 
solution, with loss of strength, and causing a variation in different 
samples of solutions which should l)o of tho same strength. 

It is^useless to remove these dissolved salts by any of the 
processes for “ softening ” waters, since tho corresponding sodium 
salts are left in solution. The only method for the complete 
removal of such soluble substances from the water is distillation, 
and the British Pharmacopoeia directs that distilled water should 
be used in every case, excepting only the preparation of “ aromatic 
waters,” where this is unnecessary, as these are themselves prepared 
by distillation. 


AQUA DESTILLATA 

Distilled Water 

Preparation. — Distilled water is directed to be prepared by dis- 
tillation from good natural potable water. In practice, the water 
is ntmi ^P y distiUed from a copper still and condensed in a ” worm ** 
condenser of block tin. Unl^ the still is of the coiitinuoi||i type^ 
andim constant use, the first tenth collected is reject^ on account 
of its liability to contamination by volatile impibities, such as 
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ammonia, carbon dioxide, hydrogen sulphide, or sulphur dioxide* 
some or all of which may be present in ordinary water. For similar 
reasons the last tenth is not distilled, since it ma^; contain volatile 
substances produced by thei decomposition of traces of organic 
matter, or by the hydrolysis of certain of the dissolved salts, for 
example : 

MgCl, + H,0— ^MgO + 2Ha. 

• 

It is advisable that distilled water should be kept in stoppered 
bottles ^hich have been previously rinsed with hot'distilled water, 
as contamination by micro-organisms is in this way«*endered less 
p^bable! 

Tests for Impurities. Sulphate.— Acidify with hydrochloric acid 
and add barium chloride solution. There should be no turbidity. 

Chloride . — Add silver nitrate to the water previously acidified 
with nitric acid, when no opalescence should be produced. 

Nitrate . — ^The brown ring test described on p. 36 is not sufficiently 
delicate for detecting traces of nitrate in distilled water. The follow- 
ing test is generally employed. Mix 1 mil of the water with 3 mils 
of pure concentrated sulphuric acid and a few milligrammes of 
brucine. No red colour should be produced. 

Ltmit of Dissolved Solids . — When 200 mils are evaporated to 
dryness on a water-bath, not more than 0 01 gramme of solid residue 
should remain. If a higher temperature than that of the water-bath 
be employed, ammonium salts and certain organic impurities may 
be volatilised and escape detection. 

Limit of Ammonia . — As traces of ammonia are always present 
in the atmosphere, it is very difficult to keep distilled water entirely 
free from it. The Pharmacopoeia recognises this difficulty, but 
prescribes a limit test in the form of Nessler’s reaction. 

For this purpose, two specially made white glass cylinders 
(Nessler glasses) are taken. In one is placed 60 mils«of water 
known to be ammonia-free, together with 0-6 mil of a dilute solution 
of ammonium chloride (Nessler’s, =*0 0031 6 per cent NH4CI) : in 
the other Nessler glass is placed 60 mils of the water to be tested. 
To the contents of each glass are added 2 mils of Nessler’s 
reagent (“ Alkaline Solution of Potassio-Mercuric Iodide ”, see B.P., 
Appendix II.), whereupon any brown coloration produced in the 
Mmple to be tested should not be more intense than that produced 
in the sample of known ammonia content at the end of five minutes, 
the glasses being placed on a white tile and viewed from above. 

Nessler’s test is an extremely delicate one commonly used in 
water analysis, especially where sewage contamination is suspected. 
The solution yields with ammonia or an ammonium salt a brown 
precipitate : 

2HgIg +4NH, =*NHg,I + 3 NH 4 I, 

whicn, in exceedingly dilute solutions, gives a yellowish-browif tint 
to the liquid. 
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$ 

Lead, Copper ^ and /nm.— To 50 mils of the water, ^ntaimd 
in a Nosder ^ass on a ilhite tile, add one drop of sodium sulphide 
solution, when, no coloration should be prrauced (due to the 
form^ion of the sulphides of these metals). 

Limit of ^anve Impurities. — Use is made of the fact that 
potassium permanganate is readily reduced by most ormoiio matter. 
Add to 250 mils of the water to be tested 01 mil of N/10 perman- 
ganate and 3 mils of sulphuric tacid, and set aside for three hours 
•at 15-6". . . * . 

The next step depends upon the liberation of hydriftdic acid 
from potassHim iodide by the sulphuric acid, the hydripdio acid 
being oxidised by the permanganate with liberation of iomno : 

. Hm+KI«KHS 04 + HI, 

2KMnT)4 + 3H,Sa4 + lOHI « K,S04 + 2MnS04 + 5I| + 8H,0. 

Consequently, if a crystal of potassium iodide lie added to the 
mixture of water, acid, and jK'rmanganate solution, iodine will be 
liberated by the jx^rmanganatt* ; if, however, organic matter be 
present in the water in such quantity that the vmole of the per- 
manganate is reduced thereby during the three hours during which 
the liquid is set aside, then no iodine will be liberated. The detection 
of the free iodine is facilitated by the addition of starch mucilage, 
which, in the presence of the least trace of iodine, produces an 
unmistakable blue colour. 

Aqua Aurantil Florls. Orange-fiower Water. — Orange-flower 
water of commerce is obtained as a by jiroduct in the preparation 
of oil of orange-flowers (Oleum Ncroli). The oil is obtamed by the 
distillation in steam of the fresh flowers of the bitter oranm tree, 
and is found floating on the surface of the water that collects in 
the receiver ; the lower, aqueous layer is saturated with the oil 
and constitutes the water of commerce. It is diluted immediately 
before use with twice its volume of distilled water. 

Orange-flower water is directed to jicld no reactions for lead 
or copper, which may easily be detected by the addition of sodium 
sulphiae solution, dark - coloured precipitates of the metalUo 
sulphides being produced. These impurities may bo present owing 
to the importation of the water in metal containers, and if alcohm 
has been (wrongly) added as preservative, sufficient acetic acid 
may be formed by oxidation to dissolve traces of the oxides and 
cartx>nates of the metals forming the material of the vessel. The 
U.S.P. directs that the water sht^ be neutral or only slightly acid. 

Aqua Laurocerast. Cherru- Laurel IToter.— This water is pre^- 
pared by distillation of fresh, crushed cherry-laurel leaves with 
water. The leaves contain in separate cells pruiaurasin (a glucosidel 
an^ pnmase (an enzyme) ; in the presence of tAe enzyme ihr 
duooeide is hydrolysed by the water, producing hydrocyamo add/ 
benzaldehyde, and glucose (p. 300) : 
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C,»H^Ou +2 H,Ot->.C,Hj . CHO +2C,Hi,0, fHCN- 

Prulaurafin. Benz- * Glucose. Hydro- 

aldehyde. cyanic acid. 

The water contains the Volatile products, beqzaldehydt and 
hydrocyanic acid, the strength of the latter being determined, and 
the preparation finally adjusted, by the addition of hydrocyanic 
acid or water, to contain 0*1 per cent by weight of HCN. 

yhe details of the volumetric tbst are discussed under Acidum 
Hydrocypnicum Dilutum (p. 302). 

HYDROGEN PEROXIDE, HjO, 

(Mol. Wt.=34) 

An aqueous solution of this substance is included m ine x>ritish 
Pharmacopojia under the name of Liquor Hydrogenii Peroxidi. 

Preparation. — The solution may be prepared by the action 
of a dilute mineral acid on barium peroxide, BaOjjSHjO. The 
commonest acids used are phosphoric, hydrochloric, and sulphuric ; 
but whichever is employed the treatment is similar, varjdng only 
in the method of freeing the product from impurities. The barium 
peroxide is made into a thin cream with water, and gradually added 
to the diluted acid, care being taken to leave the solution somewhat 
acid. In the case of sulphuric acid the following equation represents 
the reaction : 

BaOj + HjSO* = BaSO^ + H^O^. 

Most of the excess acid is then precipitated as barium sulphate by 
the cautious addition of barium hydroxide : 

H2SO4 + Ba(OH)2 = BaS04 + 2H2O, 

leaving a dilute aqueous solution of hydrogen peroxide, which may 
bo filtered from the precipitated sulphate. • 

During these reactions the temperature of the solution must 
not be allowed to rise above 10® or considerable loss of strength 
occurs by decomposition with evolution of oxygen, hydrogen 
peroxide being a very unstable substance. 

The student may prepare small quantities of the peroxide for 
experimental purposes by adding sodium peroxide to cold, very 
dilute hydrochloric acid, but should remember that the solution 
will also contain sodium chloride : 

Na,Oj +2Ha-2Naa +H,0,. 

LIQUOR HYDROGENII PEROXIDI 

Solution of Hydrogen Peroxide 

ftopertles Tests lor Identity. — A colourless and odourless 
liquid. Taste , slightly acid. Easily decomposed by heat into 
water dnd oxygen. 
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Add a few drops to % mixture of l(f mils of water, one drop ol 
solution of potassium chromate, 10 drops of diluted sulphuric Mid, 
and 2 mils of ether. The result is deep blue layer between the 
ether*and tlio «queous liquid, the colour being communicated to 
the ether on shakhig. 

This is an extremely delicate and characteristic test, cabbie 
of showing the presence of hydrogen peroxide in solutions as oilute 
.as 0*0015 per cent. It depends upon the liberation of chromic stcid 
from the cm-omato by the sulphuric acid : 

K,Cr 04 + HjSO* « K,S 04 + H,Cr 04 . 

This, in presence of hydrogen peroxide, is believed to form pftr- 
chromic acid, HCr 04 , which then combines with more peroxide to 
form the d^p blue compound, the composition of which is uncertain. 
The blue compound quickly decompoi^s in aqueous solution with 
evolution of oxygen, but is soluble in ether, in which solution it is 
more stable. 

Tests for Impurities. Barium ~ ~No white precipitate of barium 
sulphate should be produced on addition of sulphuric acid. 

Acidity {Limit of ). — Not more than 2*5 mils of N/10 sodium 
hydroxide should bo required to neutralise 25 mils of tne solution, 
using methyl orange as indicator. The solution keeps better if 
left slightly acid, and the Pharmacopoeia recognises this, but places 
a limit on the degree of acidity. 

Total Solida {Limit of). — When 100 rails are evaporated to dryness 
on a water>bath, not more than 1*0 gramme of solid should remain. 

Tests for Strength.— The official solution is commonly said to be 
of “ 10 volumes ” strength ; other strengths, 15, 20 volumes, etc., 
are found in commerce . These terms indicate the number of volumes 
of oxygen gas yielded by one volume of the solution when used ; 
thus 1 mil of a ** 10 vols.*’ solution should yield 10 mils of free 
oxygen dhder suitable conditions. 

The PharmacojKeia nitrometer method employed for the deter- 
mination of this strength is an excellent one ; it is simple in 
manipulation, and very accurate with ordinary care. It has the 
added advantage of taking into account only the actual hydrogen 
peroxide content of the solution, thus rendering useless any attempt 
to give a false indication of strength by the addition of smw 
quantities of such substances as oxaUc acid. Such an addition 
would be taken into account as hydrogen peroxide were the solution 
tested by titration with potassium permanganate ; this method 
is, however, apmnded below as being one with which the student 
should be familiar, but the limitations of which he should realise. 
Potassium permai^anate used in conjunction with a nitrometer ^ 
^dso subject to this disadvantage to some extent, and the method 
is a dnmsy one compared with that about to be described. 

Sor the purposes of the official nitrometer test the ap^atus 
(Fig. 1) is cW^ with brine (saturated sodium cmaride solution), 
the level of the liquid being brought to the top of the measuring 
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tube, A,* by opening the lap and raising the pressure tube, B, 
then closing the tap. 2 mils of the hydrogen peroxide solution 
are introduced into the cup, •and the tap cautiously opene^ care 



^ close it as the last drop enters the measuring tube 
in order that.no air may enter. Any drops adhering to the side 
of the cup are i^^ed into the tube with a little brine. 4 mils of 
copi^ ammorno-sulphate solution (B.P., Appendix II.) are then 
•omitted, taking the same precautions against the entrance of air. 
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Ab soon as the copper sq|tttton has entered the nitrometes^ a brisk 
effervesoenoe occurs, oxygen being evolved. The measuring tube 
is vi^rously shaken to ensure the ooniplete mixing of the reacting 
liquidb, and, after an interval of about five minutes, the levels of Uie 
liquids in both tubes are brought to the same height by raising or 
lowering the pressure tube. The enclosed gas is then under 
atmospheric pressure, and its volume may be re^. The Pharma- 
.copoeia states that this voium6*must be not less than 18 and^not 
more than 22 mils at 15*5'’ and normal pressure, which, as 2 mils 
were used, c^responds to a strength of between 0 and 1 1 volumes. 

The mechanism of this reaction is not very clear, but it may 
assumed that the copper ammonio-sulphate solution acts ai^a 
solution of cuprous oxide, the oxide acting catalytically in that it 
combines mih the available oxygen of the perojudo, but the com- 
pound produced is immediately decomposed, and the oxygen 
released. 

The ’ percentage of true hydrogen peroxide contained in a 
10 volume solution may readily be calculated, as follows : 


2HA-->2H,0 + 0,. 

68 grammes yield 32 grammes of oxygen 
« 22*32 litres at N.T.P.i 
->22,320 mils „ 

22,320 mils 0, are yielded by 68 grammes of H,0| at N.T.P.' 
11,160 „ „ 34 

lA 

10 „ „ 11 , 1 ^ »» »» »» 


34x10 x 273 

"n,i(M)x 288*6 
=“0-031 gramme. 


at 15*5® and N.P. 


0*031 gramme is contained in 1 mil of the solution. 100 roils of 
the solution will contain 3*1 ^amraes«3*l per cent wjv, which for 
practical purposes in dispensing, etc., may ho regarded as 3*0 per 
cent weight in volume. 

The Potamum Permanganate Titration Method . — As mentioned 
above, the solution may be titrated with N/10 potassium mr« 
manganate if previously shown to contain nothing other tnan 
hydrogen peroxide which will affect this reagent. 

Measure 5 mils of the peroxide solution with a burette, and 
dilute to 100 mils. Take 20 mils of the diluted solution, diilute, 
acidify with sulphuric acid, and titrate with N/10 permanganate 
until a permanent pink is just produced : 

2KMn04 + 5H,0, + SH^SO* * KJSO* + 2MnS04 + 8H|0 + 60*. 

Half the oxygen is yielded by the permanganate and half by 
tile hydrogen peroxide, therefore, 


* Because the molecular weight in grammes of any gas oAiupies 2g*32 litres 
at normal temperature and pressure. 
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2KMn04-60. 

• 316 s80. 

316 grammes KMn 04 ^ 5 x 11*16 litre8( « 55,800 mils) of oxygen 
1000 mifc of N/1 KMn 04 s 5,o80 mils of oxygen. 

1 mil of N/10 KMn 04 = 0*558* mil of oxygen. , 

1 mil of the official solution should require between 16*2 and 
19*9 mils of N/10 KMn 04 , corresponding to a strength of between 

9 aftd 11 volumes, os permitted by the Pharmacopoeia. 



CHAPTER II 


CHLORINE, BROMINE, AND IODINE 

Of tho halo^n elements, fluorine, chlorine, bromine, and iodine, 
fluorine is^oi such little pharmaceutical interest as to reouire no 
mention hero. The other three are important : chlorine and bromine 
on account of tho extremely useful medicinal properties of their 
compounds ; and iodine, not only on this account, but also owing 
to the frequent employment of tho element itself in pharmacy. 


CHLORINE, Cl, 

(Atomic Wt. «36*6) 

The element chlorine is a greenish-yellow gas with a pungent 
suffocating odour. It is extremely reactive, and unites with all 
the common metals to form chlorides, which will be discussed 
severally under the metals concerned. 

Chlorine is not included in tho Pharmacopoeia as a medicinal 
substance, but is mentioned in Appendix I., B.P. (“ Substances 
used in Chemical Testing where the usual laboratory method of 
preparation is given — i.c. by tho interaction of manganese dioxide 
and hydrochloric acid : 

MnO, + 4HC1 = 2H,0 + Mna 4 , 

MnCl 4 -MnCl,+Cl,. 

Tho resulting gas is passed through a little water contained in 
a gas-washing bottle. The wash-water retains tho more soluble 
hydrochloric acid gas, should any come over, but soon becomes 
saturated with chlorine, allowing the remainder to pass on. 

If the washed chlorine be now bubbled througn distilled water 
until a saturated solution is obtained, we have Solution of Chlorine 
(Appendix II., R.P., “ Solutions employed in Chemical Testing "). 

The solution of chlorine must be freshly prepared, for, on keeping, 
hydrochloric acid and oxygen are formed : 

a,-tH,0-2Ha + 6. 

It is to the liberation of this nascent oxygen that ehlorinq, in tiur* 
presence of water, owes its bleaching action. • 

A solution of chlorine is prepare frequently at the dispensing 
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ooimter bv placing potassium chlorate in a dry bottle and adding 
to it concentrated hydrochloric acid. The bottle is lightly corked 
and allowed to stand for a short time (10 minutes), after which 
water is added a little at a time, shaking after each addition : « 

4Kao3 + i2Ha »4Ka 4-6 H,o + 9a +3do,. 

The solution will contain, in addition to chlorine, potassium chloride 
and some chlorine peroxide, which 4o not, however, interfere with 
its medicinal properties. The mixture of chlorine and chlorine 
peroxide obtained by this reaction was at one time believed to be 
a definite compound of chlorine and received the nameceucA/on'ne. 

« Jt is nibst important to note that when preparing such a solution 
of chlorine as that just described, the distilled water must be added 
from a measure, and not from the main supply, otherwire this will 
become contaminated by displaced gas. Suitable quantities for 
100 mils of solution are 0*5 gramme of potassium chlorate and 
1*8 mils of concentrated hydrochloric acid. 

Chlorine is a powerful disinfectant, and is used principally for 
this purpose in the form of “ bleaching powder ” or chlorinated 
lime. 


Chlorinated Lime 

This substance, often erroneously termed “ chloride of lime ”, 
and known commercially as bleaching powder, has the formula 

and has been given the name calcium chloro-hypochlorite 

It may bo regarded as a compound of calcium hypochlorite, Ca(OCl) 2 , 
and calcium chloride, CaCl,, in molecular proportions. 

Preparation. — Bleaching powder is prepared on the large scale 
by acting upon calcium hydroxide with chlorine. The calcium 
hydroxide, which must be pure and fairly dry, is spread in a layer, 
several inches deep, on the asphalt floors of leaden chamwrs. A 
stream of chlorine is led into the chamber from the top, until the 
lime is saturated, the process being complete in from twelve to 
twenty-four hours ; 

Ca(OH), + a* = Ca(Oa)a + H,0. 

Before opening the chamber, a stream of air is led through it in 
order to expel the excess of chlorine. 


CALX CHLORINATA 

Chlorinated Lime 

Properties and Tests lor Identity.— A dull white powder wi^ 
charaqteristio^ chlorinous odour, becoming moist and gradually 
decomposing witlw loss of chlorine on exposure to air. (For diis 
reason ib should ^be kept in air-tight containers in a cool, dry place.) 
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It is partially soluble in water, and in the preseno^ of water 
splits up into calcium hypochlorite and calcium onloride : 
2Ca(Oa)a— >Caa, + Ca(Oa),. 

Test for calcium by shaking wifii water, filtering, and adding 
ammonium oxalate solution. A white precipitate of cucium oxalate 
is produced, soluble in dilute hydrochloric acid, but insoluble in 
acetic acid. 

Test for chloride by shaking with water, filtering, acidifying 
the filtrate with nitric acid, and adding silver nitrate 8o|ption. A 
white precigitatc of silver chloride is formed, soluble in ammonium 
hydroxide. • 

Note. — On the addition of acid, largo (juantities of chloffiie 
will be evolved. (See IjcIow, Quantitative Eshmation,) 

Quantilative Estimation. — The Pharmacopoeia requires that 
chlorinated lime shall yield not less than 30 per cent of available 
chlorine (*' available chlorine ” being the total amount of chlorine 
that can bo liberated from it by the action of acids). 

Ail the chlorine that the compound calcium chloro-hypochlorite 
contains may be released by the addition of an acid, according to 
the following equations : 

Ca(OCl)a + 2HC1 « CaCl, + HOCl 4^ HCl, 
Hoa+Ha«HaO+a,, 

It will be seen that one molecule of chlorine may bo obtained from 
one molecule of chlorinated lime ; and if excess of potassium iodide 
bo added to the solution in which this reaction is brought about, 
the liberated chlorine will displace an equivalent amount of iodine 
from this compound. The amoimt of iodine displaced may be 
estimated by titration with decinormal sodium thiosulphate solution, 
and from this the quantity of chlorine released can bo calculated. 

Weigh about 0*3 gramme of chlorinated lime in a stoppered 
weighing bottle, and riase it into a titration flask containing about 
1 *2 grammes of potassium iodide dissolved in water ; add a little 
diluted hydrochloric acid to this, and slowly titrate the solution- 
with N/10 sodium thiosulphate solution until the brown colour is 
nearly discharged ; then add a little more hydrochloric acid and 
more potassium iodide to ensure that these are present in sufiScient 
quantity. Add a few drops of starch mucila^ as indicator and 
continue to titrate until the blue colour is completely discharged. 

If the bleaching powder be added to the water previous to the 
potassium iodide, or if the acid be added other than gradually, it 
18 possible that some of the evolved chlorine may be lost : 

Cl, + 2KI-2fi 
2Na^,0,+Ii-2N 
2Na,S,0„5H,0sLi 
Na,S,0„5H,0Hd, 

248 » 35*5, 

1000 mils N/1 Na^ 03 , 5 H, 0 s 35’5 gramme# qf chlorine, 

1 mil N/io NaAO„5H|0 sOOOSM gramme of chldrine. 


3 + 1 ,, 

l + Na^40., 
Cl„ 
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Uquoi^ C»lcls Chlorinatm. SdiUion of ^hkrinated This 

is prepared bv adding 10 per cent of chlorinated lime to water in 
a stoppered bottle, shaking occasionally during three hours, and 
Storing. It contains calcium* hypochlorite and calcium chlbride 
(see above, Properties), and is required to yield not less than 
2 per cent of available chlorine. 

{JuarUitative Estimation . — ^Measure 20vnil8 from a burette, and 
dihit^ to 100 mils in a stoppered flaslf. Using 20 mils of the solution 
for each ytration, odd potassium iodide solution and hydrochloric 
acid, and proceed as described under Calx Chlorinata. 

*4iiquor* Sods Chlorinatm. Solution of Chlorinated Soda.— A 
paste of chlorinated lime is made by trituration with water, 
it is added a concentrated solution of sodium tarbonate. 
The Iq^ture is shaken occasionally during three or four hours, and 
the solution of sodium hypochlorite and sodium chloride thjis 
produced is filtered from the insoluble calcium carbonate which is 
the other product of the reaction : 

Ca(OCl)Cl + NajCOa - NaOCl + NaQ + CaCOa- 
Quantitative Estimation . — ^Tho solution is required to yield not 
loss than 2*5 per cent of available chlorine when 6 mils are tested, 
as described under Calx Chlorinata : 

NaOCl + Naa + 2HC1 - Qj + 2Naa + H«0, 
.2NaaSa03,6Hj0«Ia = Cla, 

2 X 248 == 2 X 36*6 grammes chlorine, 

1000 mils N/l Na 2 S, 03 , 5 H ,0 - 35-6 

1 mil N/IO „ s0*003«55 gramme chlorine. 


BROMINE, Br* 

(Atomic Wt. =80) 

The element bromine is not official, and is little used in pharmacy. 
It is a dark red, volatile liquid with a choking odour, and occurs 
naturally in the form of magnesium bromide, which is found in 
the mother-liquor of the “ salt mines ” after the sulphates and 
effiondes have been removed by crystallisation. Manganese 
dioxide and hydrochloric acid are added to the mother-hquor, and 
the chlorine released displaces the bromine from its salts, the 
bromine being distilled off and condensed : 

MgBr, + Cl, = MgCl, + Br,. 

Its compound with hydrogen, hydrobromic acid, HBr, and certain 
bromides are important medicin^ substances which are considered 
later. 



IS 


CHLORINE, bromine, AND IODINE 

IODINE, I, 

(Atomic Wt. « 127) 

Iodine in An element of great pharmaceutical importance, both 
the element and ita compounda being largely used in medicine. 

Preparation.— (1) Most seaweeds contain iodine, possibly the 
highest percentage ( 0*6 per pent) being contained in the dried 
stems of Ijaminaria di^itata ; Fucus vesienhaus contains much less. 
The dried seaweeds are burnt, and the ashes, or kelp,*extracted 
with wateip The solution is concentrated, potassium sulphate 
\nd j)9ta88ium chloride crystallising out. The mothc^diquor. is 
treated with sulphuric acid, which decomposes the sulphides and 
/hiosulphgtes with deposition of sulphur. The acid solution then 
contains only chlorides, bromides, and iodides, and is distilled with 
bho proper amount of manganese dioxide, the liberated iodine b^ng 
condensed in a series of earthenware conden 8 (‘rs. The further 
addition of manganese dioxide results eventually in the liberation 
of bromine, when the condensers are changed, 'fhe iodine obtained 
in this manner is naturally liable to contain chlorine and bromine, 
from which it is freed by further distillation with potassium iodide, 
which forms the potassium salts of hydrochloric and hydrobromio 
acids with the ]il)eration of an eoui valent amount of iodine. This 
treatment also removes iodine cnloride, ICl, and iodine cyanide, 
ION, should either of these bo present. 

( 2 ) The sodium nitrate beds which occur in Chili and Peru 
contain, in addition to this salt, small quantities of chlorides and 
iodates. The mineral — known as caiiche—ia treated with water, 
the mother-liquor remaining after crystallisation of the nitrate 
containing the dissolved iodates. On the addition of sulphurous 
acid, iodine is precipitated, according to the equation : 

• 2 KI 03 + 5H*S03 = K ^04 + 4H^04 + H,0+I,. 

The iodine is collected, dried over sulphuric acid, and sublimed. 

(3) Small quantities may be prepared by heating sodium iodide, 
manganese dioxide, and sulphuric acid in a retort, the bluish-black 
crystals condensing in the neck of the retort and in the receiver : 

2 NaI + MnO, -h 3 H 4 SO 4 = 2 NaHS 04 + MnS 04 + 2H,0 + 1,. 


lODUM 

Iodine 

Iodine of the Pharmacoposia is required to contain not less than 
9d»per cent of the element. • • • 

Properties and Tests for Identic. — It occunrip dark-cobured, 
rhombic prisms or octahedrons wi^ a metallic lustre and dharacter* 
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Iftio odousr. Slightly soluble (1<500) in water, soluble 1-10 in alcohol 
(90 per cent). Readily soluble in a solution of potassium iodide 
(owing to the formation of a« soluble salt, I| . 2Kl) and in ^ther. 
All these solutions have a reddish-brown colour ; but its solutions 
in chloroform, carbon disulphide, and liquid parafi&n are violet in 
colour (the same colour as the vapour of iodine). It has been 
suggested, therefore, that in the c^ of a reddish-brown solution 
the iodine has combined with the solvent. 

When* gently heated, iodine yields a violet-coloured vapour. 
The melting-pomt of iodine is 113°, but it volatilisescjat ordinary 
tepiperatures as may be detected hy its odour, and sublimes at 
temperatures below its melting-point. Below 700° iodine forms 
one of the heaviest vapours Imown, but at higher teq)peratures 
its density decreases, whence it is concluded t^t the molecule 
dissociates. 

Iodine gives with mucilage of starch an intense blue colour 
which disappears on warming. A very - characteristic reaction, 
capable of aetecting oven minute quantities. 

Tests for Impurities. Chlorine and Bromine^Shake 0*5 gramme 
with 20 mils of water and filter ; to the filtrate add a slight excess 
of silver nitrate solution and shako. The precipitate will consist 
of silver iodide, together with traces of chloride, bromide, and' 
cyanide, if these be present. Allow the precipitate to settle, pour 
off the supernatant liquid, and shako the residue with 10 mils of 
dilute ammonia (1 mil of liquor Ammonise and 9 mils of water), 
when any chloride, bromide, or cyanide present will dissolve. Filter 
from the undissolved iodide and acidify the filtrate, when there 
should not be more than a slight opalescence (occasioned by re- 
precipitated silver cyanide, chloride, or bromide) 

Iodine Cyanide , — If a little (0«r gramme) iodine be heated in a 
small evaporating basin covered by a larger one filled v(ith cold 
water, the first portion sublimed should not include ’any colourless 
prisms with a pungent odour. A more certain test consists in 
triturating 0*5 gramme with 20 mils of water and filtering. The 
filtrate wul contain any iodine cyanide present and a little iodine. 
Decolorise by the careful addition of decinormal sodium thio- 
sulphate solution : add potassium hydroxide, a little ferrous 
sulphate, and a drop of ferric chloride solution, warming gently. 
On the addition of excess of hydrochloric acid a blue colour develops 
if cyanide is present. * 

Moisture , — Dissolve in chloroform, when the solution should not 
possess the turbidity which water would produce if present. 

QiwUtatlve Estimation. — ^Weigh accurately about 1*0 gramme 
)f iodine In a stoppered weighing little, dissolve in water containing 
kbout 3*0 mmmes of potaUium iodide, and adjust the volume to 
100 mils. Taka 20 mils of the solution for each titration, and run 
n N/10" sodium thiosulphate Solution until the brown colour has 
ilmost disappeared ; then add a few drops of starch mucilage and 
sontinue to ritrate until the blue colour is discharged : 
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> 2 NaI+Na,S 40 «, 

S I| 

248 ^ 127 , 

1000 N/1 Na|S|0|,5H|0s 127 grammes iodine, 

1 mil N/iO 0*0127 gramme iodine. 

Tinetura lodl Fortls. JStf^ Tincture of Iodine,— Ten per cent 
wfv of iodine is dissolved in an aqueous solution of potassium 
iodide, and sufficient alcohol (90 per cent) added to produce the 
required voiumo. The amount of iodine present is estimated as 
just described, diluting 20 mils to 100 mils with water and takjiig 
20 mils of the solution for each titration. * 

I, 

Tlnotura lodl Mitis. Weak Tincture of Iodine.— Thie is prepared 
similarly, but contains only 2*5 per cent of iodine. It may be 
estimate in the same manner. 

Unguentum lodl. Iodine Ointment.— Four per cent of iodine is 
dissolved in a solution of potassidm iodide in glycerin, prepared 
lard added, and the mixture triturated until homogeneous. It ma^ 
bo assayed by the method of Evers and Klsdon. 5*0 grammes is 
dissolved in chloroform, 50 mils of water added, and the free iodine 
titrated with thiosulphate solution, with constant shaking. The 
free iodine is usually about 70 jx^r cent of that actually added, as 
some combines with the unsaturated organic acids of the lard. 


2Ka|SA+L 

Na^,0,.6H,0 


HYDROCHLORIC ACID, HCl 
(Mol. Wt.=36*5) 

Muriatic Acid, Spirit of Salt 

Preparation. — Hydrochloric acid is a colourless, fuming, readily 
soluble gas produced as a by-product in the fimt stage in the 
manufacture of sodium carbonate by the Le Bhuic process (p. 70). 
In this process, crude sodium chloride and sulphuric acid are gently 
heated in large pans to produce sodium hydro^n sulphate and 
hydrogen chloride. The reaction is represented thus : 

NaQ + HjSO^ « NaHSOi + HO. 

The gas is passed through earthenware pi^ and is collected in 
water contained in eart^nware receivers, ^e pasty residue of 
sodium hydrogen sulphate and sodium chloride is heatra to redness 
in direct contact witn flame in a reverberatory furnace, when 
further quantities of hydrogen chloride are evolved : 

Naa+NaHS04-NiH80«+Ha. 

The add produced by this second reaction is Yiey impure, being 
contaminated by furnace gases. 
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'.'J^fiJkflUon . — The Jiydrochlono acid produced by these reactions 
,t$ i&e oominon, o^mercial ** Spirit of Siut **; and is quite unsuitable 
for pharmaceuticfd purposes or for use as a re^nt. The ^com- 
mercial iKsid may contain (i.) sulphuric -acid, (ii.> ferric chloride, 
from the action of the acid on the iron of the apparatus, (iii.) 
sulphurous acid, from reduction of the sidphuric acid, (iv.) arsenic 
’ and seleidum duo to the use of impure sulphuric acid, and (v.) 
orgajuc matter and foreign salts derived from the water used to 
diraolve the gas. These impurities may be removed by various 
methods, the simplest beins the addition of, firstly, a siyall quantity 
of manganese dioxide, when the evolved chlorine oxidi^s the 
suibhurous acid to sulphuric acid and arsenious acid to arsenic acid, 
and, secondly, the addition of barium hypophosphite, when the 
whole of the sulphuric acid is precipitated as barium smphate, the 
chlorine being converted into hydrochloric acid, and the arsenic 

S recipitated as the element. The acid may now be decanted and 
istilled, the first tenth of the distillate, which is liable to contain 
traces of arsenic and chlorine, being rejected. 


ACIDUM HYDROCHLORICUM 

Hydrochloric Acid 

The official acid is an aqueous solution of the gas required to 
contain 31*79 per cent by weight of HCl. 

Properties and Tests for Identity* — A colourless and strongly acid 
liquid emitting white, pungent fumes. Specific gravity, I’lfiO. 

Dilute and add silver nitrate solution, when a white precipitate 
of silver chloride is obtained, insoluble in nitric acid, but soluble 
in ammonium hydroxide. 

. Heat a little of the acid with manganese dioxide. Clfiorine is 
evolved, and may be detected by its ^our or by its imparting a 
blue colour to a piece of filter-paper which has been dipped into 
potassium iodide solution and starch mucilage. 

Tests for Impurities (to be applied to the diluted acid). Iron . — 
Commercial hydrochloric acid invariably contains this, hence a slight 
reaction is permitted. Add nitric acid and potassium ferrocyanide, 
when only a very jiale blue or green colour ^ould be product, not 
a deep blue. 

Free Chlorine . — ^Dilute well, and add a solution of potassium 
iodide and starch mucilage, when no blue colour should be produced; 

Sulphate . — ^There should be no precipitate on the audition of 
barium chloride solution. 

Sulphite . — ^Add barium chloride, filter if necessary, and to the 
Jfiltrate add bromine water, when any sulphite present is oxidised to 
'sulphato and isViecipitated as barium sulphate. « 

Iodide . — Ada % little chlorine water and a few drops of carbon 
disulphide, when the carbon disulphide layer should not become 
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violet in colour, nor should the action of starch, tnucflaje prbditfji 
a blue colour. ‘ 

The precipitate with silver nitrate solution should be readify and 
commetely smble in aminonium hydroxide. . .. 

nromide , — ^Add chlorine water and carbon disulphide, when the 
carbon disulphide layer should not become brown. 

If iodide has been foimd the^tests for bromide are not satisfactory 
until the iodide has been removed. To a portion of the dilut^ acid 
add sodium nitrite, and boil until all the iodine vapoin* has been 
expelled. {Teutralise with sodium carbonate, evafK>rate just to 
dryness, dissolve the residue in a little cold dilute nitrid acid, 9 nd 
add a crystal of potassium iodate. A brow'n colour, gradually 
developed shows presence of bromide. 

Dissdwfd Solids . — ^There should be no appreciable rc^sidue (loss 
than 0*01 per cent) on evaporation. 

Lead Limit . — 10 parts per million (p. 173). 

Afsente Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — ^This is a simple titration with standard 
alkali for the amount of acid present. Weigh 10 grammes of the 
acid in a stoppered weighing bottle, and dilute to 100 mils in a 
graduated flask. Use 20 mils of the solution for each titration, 
employing methyl orange as indicator. 

NaOH + HCUNaCUHjO, 

40 -36*5, 

1000 mils N/1 NaOH 36*5 grainnies H(3, 

1 mil N/1 NaOH -0*0365 gramme H(7. 

Acidum Hydrochlorioum Dilutum. Diluted Hydrochloric Acid. 
— ^This is prepared by diluting 33 parts by weight of the concentrated 
acid to 100 parts by volume with water, the solution containing 
10 per cent by weight of HCl, Specific gravity, 1*048. It should 
be free from the impurities mentioned under Acidum Hydro- 
chloricum. The quantitative estimation is similar, using N/1 
sodium hydroxide. Take 10 mils of the diluted acid for each 
titration. 


HYDROBROMIC ACID, HBr 
(Mol. Wt. = 81) 

Preparation. — Hydrobromic acid cannot be prepared by acting 
upon a bromide with sulphuric acid, as some of it is oxidised by the 
smphurio acid with liberation of bromine and sulphur dioxide ; but 
it may be prepared in several other ways. 

(1) The commonest laboratory method is to drop bromine from 
a dropping funnel upon red phosphorus, moistened with water, ami 
conrtai]^ in a retort. Phosphorus tribromide ^d pentaoromkk 
are first formed, and these are hydrolysed by the watef with fonnation 
of phosphoric, phosphorous, and hydrobromic ^ds. The evolved 
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hydrogen *bromide is. collected in water unti a solution of sufficient 
strength has been obtained : 

PBr, + 3H*0 « HaPOa + 3HBr, 

PBra + 4HaO - HaPOa + 6HBr. 

{2) Hydrobromic acid may he obtained from potassium bromide 
by the action of tartaric acid. The two substances are dissolved 
sepafately and the solutions mixed ; the mixture is cooled and • 
allowed te stand for as long as possible, potassium hydrogen tartrate 
orystaUising out : 

•• * KBr + HaCaHaOa^HBr + KHCaHaOe. 

The acid obtained in this way is liable to contain ^potassium 
bromide, tartaric acid, and potassium hydrogen tartrate as impurity. 

(3) When sulphur dioxide is passed into bromine water, the 
following reaction takes place : 

SOj + 2Hj,0 + Br, = 2HBr + HjS 04 . 

The hydrobromic acid may be distilled of! and collected in 
water. The product is very pure, but thO proceas is not economical. 

ACIDUM HYDROBROMICUM DILUTUM 

Diluted Hydrobromic Acid 

The official acid is required to contain 10 per cent by weight of 
HBr. 

Properties and Tests for Identity.— A clear, colourless and 
inodorous liquid. Specific gravity, 1*077. 

With silver nitrate solution a pale yellow precipitate is produced, 
soluble with difficulty in excess of ammonium hydroxide solution. 

When heated with manganese dioxide bromin^ vapours are 
evolved. 

Tests for Impurities. Barium. — ^No precipitate of barium sul- 
phate should be produced on the addition of dilute sulphuric acid. 

Sulphate and Sulphite, — Test as under Acidum Hy^ochloricum. 

Phosphate, — Neutralise with ammonium hydroxide, acidify with 
nitric acid, add excess of ammonium molybdate solution, and warm. 
No yellow precipitate should be produced. 

Chloride, — Add excess of dilute nitric acid, and boil in a dish 
until bromine is no longer evolved. Transfer to a test tube, and 
add silver nitrate, when no white precipitate should be product. 

Dissolved Sdids, — ^There should be no appreciable residue (less 
than 0*01 per cent) on evaporation. 

Lead Limit. — 6 parts per million (p. 173). 

Arsenic lAlnit. — 5 pai^ per million (p. 176). 

Quantitative Estimation. — In the case of hydrochloric acid* the 
only volumetrio test given in the Pharmacopoeia is for acid present, 
because, since it so cheap, «sophi8tication with other acids is 
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unlikely ; but, in the dbse of hydrobromio acid, this coninderatioa 
does not apply, and in addition to the test for aoi^ty, one is 
incliyied for the actual amount of bromide present. 

Teat for A(!fd%.-~Titrate with N/l solution of sodium hydroxide, 
using 20 mils of the acid for each titration, methyl orange as indicator, 

NaOH +HBr -NaBr +H,0, 

40 s 8l, 

1000 mils N/1 NaOH^Sl grammes of HBr, , 

^ 1 mil N/1 NaOHs 0*081 gramme of HBr. 

Teat for QuaiUUy of Bromide.— Dilute 10 mils of t#e aoid»4o 
100 mils, and take 20 mils for each titration. Neutralise by the 
iddition of a slight excess of calcium carbonate, and titrate with 
N/10 silver nitrate solution, a few drops of potassium chromate 
solution being used as indicator. The complete precipitation of 
all the bromide is shown by the appearance of a permanent red 
precipitate of silver chromate. If the acid is not neutralist prior 
to titrating, nitric acid will be one of the products, and this inteneres 
seriously with the accuracy of the determination, owing to the 
^tion of the acid on the silver chromate. 

CaCO, + 2HBr « CaBr, + CO, + H,0, 

CaBr, +2AgNO,-Cb(NO,), +2AgBr, 

AgNOjsHBr, 

170s81, 

1000 rails N/1 AgNO,3 81 grammes of HBr, 

1 mil N/10 AgNO,s 0*0081 gramme of HBr. 

The amount of hydrobromic acid found by this method should 
correspond with that found by titration with alkali. 


HYDRIODIC ACID, HI 
(Mol. Wt.- 128) 

Preparation.— The pi^uction of this compound from iodides by 
action of sulphuric acid is open to the same objection as mentioned 
under hydrobromic acid, la^ quantities of iodine being formed by 
oxidation of the hydriodic acid by the sulphuric acid. 

(1) It can be prepared by an analogous process to that described 
for hydrobromio acid. 1 part of red {Bosphorus and 20 parts of 
lodi^ are introduced into a flask through the bung of which passes 
a wide deliveiy tube and a dropping funnel. Water is dropped 
gradually from the funnel on to the mixture in the mtsk. 
When the reaction is complete, heat is applied and the evolved aas 
collected in water. 


PI,+3H,0-3HI+H,P0,, 

PI,+4H,0-6HI + H,P04. 

(2) Pinely powder some iodine /md suspend^it in water. Pisss 
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hydrogen* sulphide sas into the liquid, vhen a little hydro^n 
iodide is formed. This brings about the solution of the remaining 
iodine by formation of a soluble, double salt, whereupon the reaction 
proceeds rapidly until a concentration of 48 per cent is reached, 
when action ceases. 

il2S4-Ia«2HI+S. 

^e solution is then decanted (ft filtered from the precipitated 
sulphur. , 

(3) A solution of the acid may bo obtained by the action of 
tartaric a^id on potassium iodide. • 


ACIDUM HYDRIODICUM DILUTUM 

Dilute Hydriodic Acid 

The official solution is required to contain 10 per cent by weight 
of HI and 1 per cent by weight of hypophosphorous acid, HjPOj. 

Properties and Tests for Identity. — ^A clear colourless liquid, which 
on keeping becomes brown owing to atmospheric oxidation with 
liberation of iodine. 

4HI + 02«2H20 + 2l2. 

It is to counteract this that the Pharmacopoeia requires the 
solution to contain 1 jxjr cent of hypophosphorous acid, a very 
powerful reducing agent, which is gradually oxidised to phosphoric 
and phosphorous acids (see p. 81). 

Add nitric acid and silver nitrate. A curdy yellow precipitate 
of silver iodide is formed, almost insoluble in ammonium hydroxide. 

Add a few drops of chlorine water, and a little carbon disulphide. 
Iodine is liberated which dissolves in the carbon disulphide to 
produce a violet solution. 

Test for the hypophosphorous acid in the solution by neutralising 
with ammonium hydroxide and adding a few drops of neutred 
ammonium molybdate solution, when a blue coloration or pre- 
cipitate is produced, the colour l^ing discharged on boiling. 

Tests for Impurities. Barium. — ^No precipitate should be pro- 
duced on addi^ ammonium sulphate. 

Calcium. — ^There should be no precipitate on adding excess of 
ammonium hydroxide and ammonium oxalate solution. 

Potassium. — (1) Evaporate to small bulk and apply the flame 
test (p. 61). 

(2) To the concentrated liquid add a strong solution of sodium 
hydrogen tartrate. Set aside, scratching the side of the tube with 
a glass rod from time to time. No white crystalline precipitate of 
potassium hydro^n tartrate should be form^. 

SidfthaU . — ^Agd hydrochloric acid and test with barium chloride. 
There i^ould be no precipitate. 

4Sfu$A«de.-^Add hydr^hlorio acid and warm. A piece of lead 
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acetate ^per held in • the mouth of the tube should not be 
blackened. 

Lead Limit — 10 parts per million (p. 173). 

Arsenic Limit— ^ parts per million (p. 176). 

Quantitative Estimation. — It is estimated by precipitation as 
silver iodide, and titration of the excess of silver nitrate with 
ammonium thiocyanate. Weigti about 25 grammes and dilute to 
JOO mils, using 20 mils for each titration. Add 45 mils of N/10 
silver nitrate solution, 5 mils of strong nitric acid, and a few drops 
of ferric sulpj^ate solution (made by boiling ferrous sulphate solution 
with a little nitric acid). The amount of silver nitrate*that 1^ 
not reacted with the hydriodic acid is then ascertained by titration 
with N/10 ammonium thiocyanat(» solution until a permanent pink 
colour is produced. This is not obtained until ^uOicient thio- 
cyanate has been run in to react with the excess of silver nitrate, 
the next drop of the thiocyanate reacting with the ferric sulphate, 
which thus serves as indicator. By subtracting the number of 
mils of N/IO ammonium thiocyanate required from the number of 
mils (45) of N/10 silver nitrate originally added, the volume of the 
latter used to precipitate the hydriodic acid as silver iodide is found : 

AgNOa + HI^AgUHNOj, 

NH 4 SCN + AgNOa «AgSCN + NH 4 NO 3 , 

AgNOa-i^HI, 

170- 12», 

1000 mils N/1 AgNOj- 128 grammes of HI, 

1 mil N/10 AgNOa -0-0128 gramme of HI. 

Syrupus Acldl Hydriodlel. Syrup of Hydriodic Ac«f.—This is 
a 10 per cent wjv solution of diluted hydriodic acid in syrup and 
water. No tests are given in the Pharmacopoeia. 



CHAPTER III 

SULFHUR AND ITS COMPOUNDS 

SULPHUR, S 
(Atomic Wt»=32) 

Sulphur occurs in Nature, both free, and combined in the form of 
the sulphates of barium, calcium, and magnesium, and the sulphides 
of zinc, iron, copper, and mercury. In volcanic regions, notably 
Sicily and It^y, crude sulphur is found in the free state associated 
with native calcium sulphate and carbonate. It has been suggested 
that the deposits have been formed by the interaction of hjwogen 
sulphide and sulphur dioxide. 

4H,S+2S0,-4H,0 + 6S. 

Another theory sugmsts that the deposits are due to the action 
of certain bacteria whi^ are capable of absorbing the sulphur from 
hydrogen sulphide. 

The crude sulphur is freed from earthy or siliceous matter by 
melting, the liquid sulphur being run off. It is next purified by 
sublimation, the vapours being passed into brick chambers. If the 
air in these is cool, the sulphur condenses in the air and falls in the 
form of a yellow powder, flowers of sulphur ; if the air and walls 
of the condenser are sufficiently hot, however, the sulphur con- 
denses as a liquid which may be collected in round wooden moulds 
to form the familiar roll sulphur, which consists of a mass of rhombic 
crystals. 

Sulphur is also obtained from pyrites by slow burning, but there 
is considerable loss, and the proauct is liable to contam excessive 
quantities of arsenic. 

Sulphur, heated near to its boiling point and poured into water, 
forms a soft mass of plastic sulphur, which, on keeping, reverts to 
the rhombic variety. Melted m air and allowed to cool until a 
crust forms oq the surface, the liquid beneath, if poured out throi]^ 
one ortwo holes made in the crust, leaves amb^-ooloured nqpdfes 
d priimalie sulphur, which also reverts to the rhombic variety 
on keeping. 

8S 
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SUBPHUR SUBUMATUM 

Sublimed Sulphur. 8yn. Flowers of Sulphi 

ProperttM and Tests for Identlty.>~A slightly ^tty, greenisl 
yellow powder. Odourless and tasteless. Bums with a blue flam 
forming sulphur dioxide, SO|, which may be recogni^ by it 
pungent odour, and the fact that it will blacken a strip of filte 
'paper which has been dipped into mercurous nitrate solution. 

Add a little to nitric acid and evaporate in a fume cupboard 
dissolve the ^residue in water, acidify with hydrochloric «cid, arg 
add barium chloride solution, when a white precipitate of b^un 
sulphate is obtained, owing to the oxidation of the sulphur to 
sulphuric acid by the nitric acid. 

Tests for Impurities. Mineral Matter {Limit o/).— When ignited 
it should leave not more than 0*25 per cent of non-volatile residue. 

Limit of Acidity . — During the heating of the sulphur prior to 
subliming it, traces of sulphuric anhydride are always formed. 
The Pharmacopoeia recognises this, but Axes a limit as to the 
amount. 

Shake 10 grammes with water, filter and wash the residue, when 
the combined filtrate and washings should not require more than 
5 mils of N/10 sodium hydroxide solution for neutralisation, using 
phenolphthalein as indicator. 

Unsublimed Powdered Sulphur . — ^Under the microscope sublimed 
sulphur should show, in addition to irregular angular particles, a due 
proportion of opaque globules. The absence of the latter would 
indicate the probability that powdered roll sulphur had been 
substituted for the sublimed product. 

Arsenic Limit.’— 6 parts per million (p. 176). 

Quantitative Estimation.— The Pharmacoposia does not give any 
test for etren^h, but the following is a summary of a method 
employed for Uiis purpose : 

A definite quantity of dried sulphur is boiled with a little 10 
per cent potassium hydroxide solution until the liquid has a golden 
yellow colour. It is largely diluted, and a measured quantity 
acidified with hydrochloric acid, oxidised with excess of hydrogen 
peroxide solution, heated on a water-bath for half an hour, and 
then boiled. Excess of barium chloride solution is added, and the 
precipitated barium sulphate is washed, dried, and weighed, and 
the percentage of sulphur calculated from this. 

Unguentum Sulphuris. Sulphur (HnimerU.—K mixture of 1 part 
of snULned sulphur with 9 parts of bentoated lard. 

Sublimed siuphur is employed here on account of the ^ion of 
the angnlar piwrticles in opening the burrows of the Ain in srhioh 
the aearids tm^t cause the disease of scaHes are foim^. The finer, 
precipitated sulfdiur would be useless for this purpose. 
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SULPHUR PRiECIPITASrUM 

Precipitated Sulphur. 8yn, Milk of Sulphur 

Preparation. — When a solution of a thiosulphate is acidified with 
hydrochloric acid, sulphur dioxide is evolved and sulphur is pre- 
cipitated in a fine form. This is duo to the liberation of the very 
unstoblo thiosulphuric acid, which* immediately decomposes into 
sulphur (^ioxido and sulphur. 

JVajjSjjOg + 2Ha = 2NaCl + H^SgOg, 

H^SSA^HjO + SOa + S. 

Sodium thiosulphate is too expensive to use for this purpose 
when large quantities are required. Precipitated sulphur js prepared 
in the laboratory by slaking 5 parts of lime, CaO, and mixing the 
product uniformly with 50 parts of water ; to this 10 parts of 
sublimed sulphur are added, and a further 100 parts of water, the 
whole being boiled in a flask for one hour, with frequent agitation, 
when a complex mixture of thiosulphate, sulphide, and poly- 
sulphides of calcium is produced. The clear solution is decanted, 
the remainder filtered, and the clear liquids mixed. Hydrochloric 
acid is added in such quantity as to leave the liquid slightly alkaline, 
the precipitated sulphur being filtered off and washed on the filter 
until free from calcium, then dried at a moderate temperature. 
Some of the reactions which take place may be represented as 
follows : 

3CaO + 6S — 2CaS2 + CaSjO*, 

2CaSa + CaSjOg + 6HC1 = 3CaCl, + 6S + 3 H 2 O. 

Properties and Tests for Identity. — A greyish-yellow soft powder 
free from grittiness, burning with a blue flame when ignited, with 
formation of sulphur dioxide. 

It may l)e oxidised to sulphate by nitric acid and "tested as 
described under Sulphur Sublimatum. 

Tests for Impurities. Hydrogen Sulphide. — It should be free 
from the odour of this gas, which may be produced by tracee of 
calcium sulphide undergoing gradual decomposition duo to the 
action of atmospheric moisture and carbon dioxide. 

Sublimed Sulphur. — Only opaque globules shoiild be visible 
under the microscope, without any ang^ar or crystalline particles. 

Minend Residue (Limit of). — (hi ignition, not more than 0*5 per 
cent of residue should remain. 

Limit of Acidity. — ^Mix 10 grammes with water, filter and wash ; 
mix the filtrate and washing, when not more than 2 milg of N/10 
sodium hvdroxide should be required for neutralisation, using 
phenolphthalein as indicator. This corresponds to not more thw 
0*1 mr cent of sulphuric acid. 

Calcium. — ^ake 0*5 gramme with water acidified with hydro- 
ohlorig acid fto dissolve insoluble calcium salts, if any) ; filter, 
render the filtrate alkaline with ammonium hydroxide, and add 
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ammonimn oxalate solution/ There should not be more than a 
slight turbidity. 

CjWoride.-^Shake about 1 mmme with water» filter, aoidify 
the filtrate witb nitric acid, and add silver nitrate solution. There 
should be no more than a slight opalescence. 

SidphaU.—TreiX about 1 gramme with water as before, acidify 
the filtrate with hydrochloric acid, and add barium chloride solution. 
.There should not be more than a slight turbidity. * 

Alkaliniiy.^hake about 2 grammes with water, and filter; 
the filtrate should not bo alkaline to litmus paper. 

Arsenic Limit . — 6 parts per million (p. 176). 

QuantltatliTe Estimation.— No test for strength is included in 
the Pharmacopoeia, but the method 8ummarise<l under Sublimed 
Sulphur may be employed if required. 

Not Official 

Lac SuLPHURis.— Milk of Sulphur. 

This name is now used as a synonym for precipitated sulphur, 
but at one time it was applied to sulphur which had been pre- 
cipitated from solution of a thiosulphate or polysulphide by sulphuric 
acid, a somewhat inferior product resulting. 

Sulphur Lotum.— Washed Sulphur. 

This is a form of sublimed sulphur which has been purified by 
washing with ammonia solution to remove all acid, and further 
washing on the filter to free from ammonia. 


SULPHURIC ACID, 

(Mol. Wt. -98) 

Commercial Preparation. — Sulphuric aeid is manufactured on 
a very large scale from pyrites, FeS„ and there are two common 
processes, with the details of which the student will have become 
familiar during his studies in general Chemistry, so that only a 
brief summary of the more important facts will be given here. 

(1) The Leaden Chamber Process.— Sulphur dioxide, obtained 
by the combustion of pyrites in air, is allowed to mix with nitrogen 
peroxide, the latter being formed by the decomposition of sodium 
nitrate in “ nitre pots ”. Sulphur dioxide, under ordinary circum- 
stances, will not combine to any appreciable extent with atmospheric 
oxygen, but will combine with some of the oxygen of nitrogen 
peroxide. The mixed gases (sulphur dioxide, nitrogen peroxi^, 
and air) are led into a series of chambers into which steam is blown, 
and the sulphur trioxide formed by oxidation of the dioxide com- 
bines with tne water to produce a 60 to 70 per cent sulphuric acid, 
which collects at the bottom of the chambers : 

NO,+SO,«SO,-fNO, 

S0,+H,0-H|S04. 
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The nitric ^oxide, NO, combines with«the atmospheric oxygen 
to form nitrogen peroxide again, so that a small amount of nitro^n 
peroxide can bring about the oxidation of a relatively large qujptity 
of sulphur dioxide. * 

The acid obtained from the chambers is concentrated by evapora- 
tion, first in lead-lined pans, and afterwards, as the acid becomes 
more concentrated, in silica pans. < 

ibron pyrites nearly always contains arsenic, and the commercial 
** oil cd* vitriol” ^nerally contains this impurity, and also lead 
sulphate, oxides of nitrogen, mineral matter, and charred vegetable 
iqatter. *The acid is purified by, first, diluting with from 10 to 
^ times its volume of water, when any lead sulphate present is 
deposited, concentrating, and then distilling to free fropi dissolved 
mineral matter. The arsenic may be removed by the addition of 
a little barium sulphide to the crude acid before distillation, the 
arsenic being precipitated as sulphide and the barium as sulphate. 

(2) The Contact Process , — Sulphur dioxide will combine with 
atmospheric oxygen in the presence of hot, finely divided platinum, 
and t^ fact is taken advantage of to prepare a very pure acid 
commercially. A mixture of cold, dry, (Arefully purified sulphur 
dioxide and air is led through tubes containing platinised asbestos 
on perforated plates. The tubes are contained in a chamber whiQh 
is at first heated, but, as the reaction increases, the external heating 
is discontinued, and the asbestos prevented from becoming too 
hot by circulating the cold gases round the tubes before they come 
into contact with the catalyst. 

The sulphur trioxide formed escapes as vapour and is collected 
in concentrated sulphuric acid, forming disulphuric acidy H^. 07 , 
which may be diluted to produce the ordinary concentrated acid. 

The efficient working of this process requires that the sulphur 
dioxide shall be in a stato of extreme purity, or the catal^ic action 
of the platinum soon ceases. For many years this was very detri- 
mental to the commercial success of the process, but the difficulty 
appears to have been overcome, and year by year the output from 
this source increases, and it seems not unlikely that the leaden 
chamber process, the product from which requires so much purifica- 
tion, will eventually b^ome obsolete. 


ACmUM SULPHURICUM 

Sulphuric Acid 

The official acid contains not less than 95 per cent by weight 
of H,S 04 . 

F^pertles* and Tests for Identity* — A colourless, corrosive, 
intensely acid Ijiquid of oily consistence, evolving much heat on 
the addition 6 f water. Specific gravity, about 

To the diluted acid add bi^um chloride. A copious white 
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precipitate of barium auli^te is formed, insoluble in hydroohlorio 
add. 

A^d to the diluted add, previously neutralised, lead acetate 
solution, then little alcohol. A white precipitate of lead sulphate 
is obtained, soluble in ammonium acetate solution. 

Tests for Impurities. Dilute, add excess of ammonium 

hydroxide and filter. The mtrate should have no blue tinge, and 
should give no brown coloration on acidifying with acetic add 
and adding potassium ferrocyanide. • 

Iron, — Mute, add nitric acid and potassium ferrocyanide. 
There should be no blue or meen coloration. * 

Affimofttttm. — Dilute, add excess of sodium hydroxide, then 
boil. Test .the evolved vapours with turmeric paper. 

Chloride , — ^Dilute well and add silver nitrate, when there should 
bo no precipitate or opalescence. 

Nitrite,— Add to. the well-diluted acid a crystal of ferrous 
sulphate. If nitrite be present the crystal will be turned brown. 

Nitrate . — Pour a little of the concentrated acid carefully down 
the side of a tube containing cold ferrous sulphate solution, 
when no brown ring should be produced at the junction of the 
liquid. 

If nitrite has been found, this must bo destroyed before testing 
for nitrate. Boil the neutralised acid for a few minutes with a 
little ammonium chloride, when the nitrite is decomposed according 
to the equation 

NaNO, + NH4CI - Naa + 2 H ,0 + N,. 

Cool ; add a small crystal of potassium iodide and a little starch 
mucilage, when, if the nitrite has all been destroyed, no blue colour 
will be produced. Add hydrochloric acid and a scrap of zinc to 
reduce t^ nitrate, if present, to nitrite. The appearance of a blue 
colour proves nitrate to have been present. 

iSidpAife.— To the diluted acid add excess of barium chloride, 
and filter. To the filtrate add bromine water, when any sulphite 
present will be oxidised to sulphate, and a further wUte precipitate 
of barium sulphate will appear (p. ^). 

Selenium . — ^Dissolve a little sodium sulphite in hydrochloric 
acid and pour cautiously on to an equal volume of the suspected 
add. A pink or red colour at the junction of the liquids indicates 
selenium. 

Non^voiatUe Solids. — ^Add excess of ammonium hydroxide to 
a little of the diluted add and evaporate, finally igniting, when 
there should be no appreciable residue (less than 0*05 per cent). 

Lead Limit.— ^ ptfts per million (p. 173 ). 

Arsenic Limit .— 6 parts per million (p. 176 ). 

Quaatttetlve Estlmatlon.—Wei|^ accurately about 6 arammes 
of the add in a stoppered weig^iing bottle, and dihite to FOb mils. 
Take 20 mils for each estimation, titrating wtUf N/1 godiiim 
hydroxide solution, and using methyl orange as indicator : 
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2NaOH +H^04-Na^04»f2H*0, 

2 Na 0 H-HjS 04 , 

2 x 40 = 98, 

1000 mils N/1 NaOH = 49 grammes of H1SO4, 

1 mil N/1 NaOH = 0*049 gramme of H^04. 

Acldum Sulphurloum Dilutiim.* Diluted Sulphuric Acuf.— This 
contains 10 per cent by weight of H2SO4, and is made by diluting 
the concentrated acid to a specific gravity of 1*069, or to such a 
strength that 10 mUs require 21*7 mils of N/1 sodium hydroxide 
4pr neutfalisation. The product should be free from the impurities 
mentioned under Acidum Sulphuricum. 

The acid should be poured down a guiding rod fk little at a 
time into the water, and not the water into the acid, or there will 
bo a danger of spurting which may result in serious injury to the 
eyes. The development of heat which occurs is attributable to 
the chemical action which takes place, some of the water com- 
bining with the acid to form a hydrate. 

Acldum Sulphuricum Aromatlcum. Aromatic Sulphuric Acid. 
— This preparation, sometimes called “ elixir of vitriol is prepared 
by adding sulphuric acid to alcohol gradually, then cooling to 15*5®, 
and adding spirit of cinnamon, tincture of ginger, and sufficient 
alcohol to produce the required volume. 

Teat for Stre^th . — The Pharraacopceia directs that the prepara- 
tion shall l)e titrated with N/1 sodium hydroxide to determine 
the amount of sulphuric acid present, and this may be done in 
accordance with the directions given under Acidum Sulphuricum, 
diluting largely in order that the colour of the preparation shall 
not mask the colour change in the indicator. 

When sulphuric acid is added to alcohol some ethylt hydrogen 
sulphate is formed in accordance with the equation 

CaHjOH + HaS04 = CjHj . HSO4 + Ufi. 

The Pharmacopoeia seems to presume that the ester will bo im- 
mediately hydrolysed by the alkali, and that a simple titration will 
estimate the total quantity of acid that has been added ; but it 
must be remembered that ethyl hydrogen sulphate is not readily 
hydrolysed by alkali, and it has b!^n shown (Phann. •/., 1921, 2, 
62, 136) that one week after it had been prepared, a sample of 
the acid no longer answered the official requirement as to acidity, 
and the less so the lon^r it was kept. It would seem better to 
estimate the amount 01 sulphuric acid, free and combing, by 
diluting, boiling with excess of standard sodium hydroxide, and 
back-titrating with standard acid. 
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SU^iPHUROUS ACID, H^SO, 

(Mol.Wt.-82) 

Preparation,^uIphuroa 8 acid is prepared by passing sulphur 
dioxide into water : 

The sulphur dioxide may bo easily obtained by the reduction 
of sulphuric acid with charcoal. Introduce into a 250-mils flaak 
about 10 grammes of charcoal in coarse powder and 30»mils of 
sulphuric acid. Connect the flask by means of bent glass tubinff 
>vith the inlet tube of a gas washing bottle containing about 30 
mils of water, and the outlet tube of the washing bottle with a larm 
flask containing about 250 mils of water. The inlet tube of the 
eolleeting flask should dip about one inch Ixdow the surface of the 
water contained in it. A second tulje passing through the rubber 
bung of the collecting flask should be connected to a third flask 
containing water, the end of the tube dipping about one inch below 
the surface. This last flask must also have an outlet tube to allow 
of the escape of carbon dioxide. 

The collecting flask must now bo surrounded by ice-cold water, 
and a gentle heat applied to the mixture of aidd and charcoal until 
a steady flow of gas commences. 

2 Hj ^04 -hC=2S02 +COa + 2H,0. 

After a time the liquid in the (^llecting flask may bo tested volu- 
metrically, the whole measured, and then diluted to pharmacopoeia! 
strength. 

The water in the last flask serves as a trap to prevent the escape 
of any excess of sulphur dioxide into the atmosphere. Caro must 
be taken tR) see that the flask containing the acid and charcoal is 
disconnected instantly the flow of gas ceases, or waU‘r may bo sucked 
back and the flask fractured. 

Sulphur dioxide may also bo prepared by heating concentrated 
sulphuric acid with sulphur, copper, or zinc : 

2 H 2 SO 4 Cu - CuS( >4 + SO, + 2H,0, 
or by burning sulphur in air : 

S+0,-S0,. 


ACIDUM SULPHUROSUM 
Sulphurous Add 

• j 

The official acid contains 6*4 per cent of H,SO„ corresponding 
to 5 per cent by weight of SO,. 
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Properties and Tests for Identity. — colourless liquid with a 
punj»nt odour. Specific gravity, 1*025. 

To the neutralised acid add l^uixi chloride ; a white precipitate 
soluble in hydrochloric acid is obtained. • * 

Add to the neutralised acid silver nitrate solution. A white 
precipitate of silver sulphite is produced, soluble in hot dilute nitric 
acid, and in ammonium hydroxidq. 

Potassium permanganate solution is decolorised by the addition 
of exc^ of the acid. 

Add to the neutralised acid barium chloride, and hydrochloric 
^id until the precipitate is redissolved. The addition of bromine 
water now produces a white precipitate, owing to the oxidation 
of the sulphite to sulphate : 

HjSOa + Br, + H,0 = + 2HBr. 

Tests for Impurities. Sulphate (Limit of). — The acid should not 
yield more than a slight precipitate with barium chloride. 

Non^latile McUter. — ^There should be no appreciable residue on 
evaporation (tn a fume cupboard). 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 6 parts per million (p. 170). 

Quantitative Estimation. — It is estimated by oxidation with 
standard iodine solution. Weigh about 5 grammes of the acid, 
dilute to 100 mils, and take 20 mils for each estimation. Dilute 
well with recently boiled and cooled water, and add 30 mils of 
N/10 solution of icmine. Then titrc^ with N/10 sodium thiosulphate 
solution to determine the amount of iodine that has not reacted 
with the sulphurous acid, starch mucilage being used as indicator. 
The number of mils of N/10 thiosulphate required, subtracted from 
the number of rails of N/10 iodine added at first will give the number 
of mils of iodine used : 

HjSOa + 1, + H,0 « H,S04 + 2HI, 

la^SO.^H^SOa, 

2x127 = 64 = 82, 

1000 mils N/1 12 = 32 = 41 grammes of HjSOg, 

1 mil N/10 I, = 0*0032 = 0*0041 gramme of HjSOg. 


Cabbon Disulphide, CSi 
(Mol. Wt.-76) 

Preparation. — This substance is obtained by heating charcoal 
and sulphur together at a moderate red heat, the product distilling 
and being collected in a series of condensers so arranged that any 
hydrogen sulphide formed may escape. Carbon disulphide usually 
has i very disagreeable odour owing to impurity, but after pyrifica* 
tionJi>y rej^ated distillation over white wax and agitation with 
mercury it is nearly odourless. 
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CARBON OI8ULPHIDUM 

Carbon Disulphide. Syn, Carbon Bisulphide 

aad Tests for Identtty.—A clear, colourless, highly 
refractive liquid with a characteristic but not fetid odour. It boils 
between 46^ and 47**, and bums with a bluish flame, forming 
carbon dioxide and sulphur dio|pde. Taste, sharp and aromatic. 
Specific gravity, 1 *268. Its vapour ^ mixed with air, is explosive. 

Tests for Impurities. Free Stdphur.-—Ai\owtd to evaporate 
spontaneously in an open glass vessel, it should leave no residue. 

Hydrogen Sulphide.— \i should not blacken lead acetate pape[« 
when agitated with it. 

Sulphur Dioxide . — Moistened blue litmus paper should not be 
reddened by carbon disulphide. 



CHAPTER IV 

COMPOUNDS OF NITROGEN AND PHOSPHORUS 

AMMONIA, NH3 
(Mol. Wt. = 17) 

Preparation. — (1) Ammonia is prepared commercially by wash- 
ing with water the gases obtained during the destructive distillation 
of coal in the production of coal gas. The “ ammoniacal liquor ” 
so produced is boiled with milk of lime to expel the gas, which, 
after passing through tubes containing charcoal, to free it from 
tarry matter, is collected in water to form the strong ammonia 
solution of commerce (see also p. 90). 

(2) Ammonia may be prepared in the laboratory by heating an 
ammonium salt with alkali ; for example : 

2NH4CI + Ca(0H)2 == 2NH3 + CaClj + 2H2O. 

LIQUOR AMMONIA FORTIS 

Strong Solution of Ammonia 

This is an aqueous solution containing 32*5 per cenlf by weight 

of NH3. 

Properties and Tests for Identity. — A colourless liquid, with a 
characteristic odour, evolving pungent fumes. Specific gravity, 
0*888 (whence the common trade term for the solution — “ eight- 
eighty ammonia ”). A solution having this specific gravity con- 
tains nearly 800 times its own volume of the gas. 

The solution is strongly alkaline. A piece of red litmus paper 
held near the mouth of the bottle becomes blue instantly ; a piece 
of turmeric paper treated similarly becomes brown, cnanging to 
yellow on moistening with acids. On brin^g a glass rod moistened 
with hydrochloric acid near the liquid, wmte fumes of ammonium 
chloride are produced. 

Tests for Impurities. Dissolved Solids . — It should leave no 
appreciable j^sidue on evaporation (in a fume-cupboard). 

farry — ^Dilute with an equal volume of watqp, and 

cautipwly add a slight excess of sulphuric acid. No yellow colour 
and no tarry odour should be noticeable. Next, evaporate some of 

32 . 
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this liquid to dryness on ft water-bath, when the residue should be 
colourless. On ignition the residue should bo completely volatile. 

Before applying the remaining tests the liquor may be lK)iled 
in a fume-cupbo&ra to drive off some of the ammonia. 

Copper y Irofiy and Lead . — No colour, due to the sulphides of 
thei^ metals, should bo produced on the addition of 0*6 mil of 
sodium sulphide solution to 60 mils of the suspected liquor contained 
in a Nessler glass on a white tile. 

Aluminium.^ — Nearly neutralise with hydrochloric acifl, and 
boil. A white gelatinous precipitate will be produced if aluminium 
be present. (Aluminium hydroxide is slightly soluble in excess oL 
ammonia, but insoluble in presence of ammonium chloride.) 

Zinc . — No white precipitate should bo produced in the sodium 
sulphide test for heavy metals. 

Calcium. — Ammonium oxalate solution should yield no white 
precipitate. 

Magnesium. — Add sodium phosphate solution, shake well, 
scratch the sides of the tube with a glass rod and set aside. No 
white precipitate should bo produced. 

Sodium and Potassium. — Evaporate about 20 mils to dryness in 
the fume-cupboard and apply the flame test (p. 61) to the residue, 
if any. 

Chloride. — Not more than a slight opalescence should be produced 
on adding excess of nitric acid, followed by silver nitrate solution. 

Carbonate. — No white precipitate should be produced on the 
addition of lime water. 

Sulphide. — Lead acetate solution should yield no black pre- 
cipitate. 

Sulphate. — Add excess of hydrochloric acid, then barium 
chloride solution. No precipitate should bo formed. 

Arsenic^ Limit. — 0*6 part per million (p. 176). 

Quantitative Estimation. — It is estimated by neutralisation with 
standard acid. Weigh about 6 grammes in a well-stoppered 
weighing bottle, and dilute to 100 mils in a stoppred measuring 
flask. To 20 mils (measured from a burette) add 30 mils of N/1 
sulphuric acid, then determine the amount of acid which has not 
combined with the ammonia by titrating with N/1 sodium hydroxide 
solution, using methyl oran^ as indicator. The volume of hydroxide 
required, subtracted from the volume of normal acid added, will give 
the number of mils of acid required by the ammonia, since equal 
volumes of normal solutions are equivalent ; 

H^04+2NH8-(NH4)^04, 

98 =2x17, 

49 = 17, 

1000 mils 
1 mil 

> The test for aluminium ehould be applied to a portion from whidh the 
ammonia h^ not been expelled. 
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Liquor Ammonia. Solution of Ammlbnia , — ^This is an aqueous 
solution containing 10 per cent by weight of ammonia, NH 3 , and 
may 1 ^ prepared by diluting 1 volume of the strong solution with 
2 volumes of water. Specific gravity, 0*959. In olhcr respects the 
solution corresponds • to the tests given under Liquor Ammonia 
Fortis. 

Quantitative Eaiimation . — ^Tho method described for the strong 
solution is employed, using about 10 grammes, and diluting as 
before.* 


NITRIC ACID, HNO3 
(Mol. Wt. =63) 

Preparation. — (1) Nitric acid is prepared commercially by dis- 
tilling sodium nitrate (Chili saltpetre) with sulphuric acid : 

NaNOa + H2SO4 = NaHS04 + HNO3. 
and when the temperature is raised : 

NaNOa + NaHS04 = Na3S04 + HNO3. 

The retorts are usually lined with fireclay, and built into the 
furnace to ensure uniform heating. The last of the series of 
condensers is connected with a tower down which a stream of water 
descends, to absorb any nitrogen peroxide which might otherwise 
escape. 

The acid in the condensers is reddish in colour, due to nitrogen 
peroxide, and contains a considerable amount of water. It is 
purified by redistillation with an equal volume of sulphuric acid 
(to free it from water), a stream of air being blown through the 
product to free it from nitrogen peroxide. The acid thhs obtained 
may be of 99*6 per cent purity, when it has a specific gravity of 
152. The commercial acid as supplied for ordinary use is never 
as strong as this, having a specific gravity of about 1*35 to 1*4, i.e, 
rather less than the official acid. 

(2) Nitric acid may be prepared easily in the laboratory by 
distilling together equal weights of potassium nitrate and concen- 
trated sulphuric acid in a glass reto^, the distillate being received 
in a well-cooled flask. 


ACIDUM NITRICUM 

Nitric Acid 

This is Inquired to contain 70 per cent by weight of HNO3 and 
30 per cent weight of water. 

Properties and Tests for Identity.— A clear, colourless, very 
corrosive liquid^evolving chqki^g fumes. Specific gravity, 1*42. 
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Warn a little in a test^HUbe with a fragment of copper. Reddish- 
. brown fumes of nitrogen peroxide are evolved : 

8HNO3 + 3Cu * 3Cu(NO,), + 2NO + 4H3O, 

2NO + O3-2NO,. 

the nitric oxide first produced combining with atmospheric oxygen. 

To a little nitric acid in an e\^porating basin » odd a few drops 
of 1-400 solution of brucine in concentrated sulphuric acjd. A 
gradually deepening red colour is produced, later changmg to 
yellow. This is an extremely delicate test for nitric acid ,(or for 
metallic nitrates, if first treated with concimtrated sulphuric acid),** 
but it is not so useful in presence of bromides or iodides. 

Dilute, add a cold solution of ferrous sulphate, then ptnir some 
concentrated sulphuric acid down the sides of the tuk^ in such a 
manner that it forms a layer at the bottom. A brown ring forms 
at the junction of the liquids, due to the liberation of nitric oxide 
from the nitrate : 

2HNOa + 3 HjS 04 + 6FeS04 - 2NO + 3Fe3(S04)3 + 4H2O, 

the gas being absorbed by the ferrous sulphate with formation of 
a dark-coloured, unstable compound. This is a fairly delicate 
test for nitrates, but is useless in presence of iodides, bromides, or 
nitrites. 

To the neutralised acid add a small crystal of potassium iodide, 
a little starch mucilage, dilute sulphuric acid, and a fragment of 
zinc. A blue colour is gradually produced, owing to the reduction 
of the nitrate to nitrite, the latter liberating iodine from the 
hydriodic acid which is the product of the action of the sulphuric 
acid on the potassium iodide : 

HN03 + 2H-HN0, + H30, 

2HNO., + 2HI = Ij + 2NO + 2H,0. 

This test may be used in presence of iodides and bromides. 

Tests for Impurities (to be applied to the diluted acid). Copper, 
— Add excess of ammonium hydroxide and filter. The filtrate 
should have no blue tinge, and should give no brown coloration on 
acidifying with acetic acid and adding potassium feirocvanide. 

Irtm . — ^Add potassium ferrocyanide, when there should be no 
blue or ureen coloration. 

StUpkaU . — ^Add barium chloride, when no white precipitate 
should be formed. 

Chloride, Bromate, and lodate . — ^Add silver nitrate ; a white pre- 
cipitate soluble in ammonium hydroxide may be due to chloride, 
bromate, or iodate. Add a crystel of potassium iodide to a portion 
of the acid diluted witii five times its volume of water, ^pale yellow 
colour is imparted to the solution, but if bromate or iodate be present, 
a deep brown is produced, due to liberated iodine : 

HI08+5m-3By) + 3I,. 
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If a brown colour appears, boil the solution until purole vapours 
of iodine are no longer evolved, then add excess of silver nitrate 
solution and a slight excess of ammonium hydroxide ; shjke and 
filter. Acidify the filtrate with nitric acid, when* a distinct white 
precipitate shows chloride. 

Kotb. — ^During the manufacture of the acid, any bromate 
present may have been decomposed, with liberation of bromine. 
Add a few mils of chloroform, shako, and allow to settle. The 
chloroform layer should have no brown tinge. 

Non-volatile Matter (Limit of). — 20 grammes of the acid, 
•.evaporated to dryness in a fume-cupboard, should leave not more 
than 0*01 gramme of residue. 

Lead Limit. — ^20 parts per million (p. 173). 

Arsenic Limit. — 6 parts per million (p. 176). 

Quantitative Estimation. — ^The estimation dej^nds upon the 
neutralisation of the acid with Njl sodium hydroxide solution. 
Weigh about 10 grammes of the acid, dilute to 100 mils, and take 
20 mils for each titration, using methyl orange as indicator : 

NaOH -f.HNOa^NaNOa +H2O, 

40 = 63, 

1000 mils N/1 NaOH = 63 grammes of HNO3, 

1 mil N/1 NaOH = 0*063 gramme of HNO3. 

Aoidum Nitricum Dilutum. Diluted Nitric Acid. — ^This contains 
10 per cent by weight of HNO3, and may bo prepared by diluting 
161 pammos of the official strong acid to 1000 mils with water. 
Specific gravity, 1*067. 

Quantitative Estimation. — Weigh about 10 grammes, dilute to 
100 mils and titrate portions of 20 mils with N/10 sodium hydroxide, 
using methyl orange as indicator. ^ 

Aoidum Nitro-Hydroohlorlcum Dilutum. Diluted Nitro-hydro- 
chloric Acid. — ^This is a mixture of 60 parts by volume of nitric 
acid, 80 ports by volume of hydrocliloric acid, and 500 parts by 
volume of water, the whole being set aside in a glass-stoppered 
bottle for fourteen days before use, during which time cUorine, 
nitrosyl chloride, and nitrous acid are produced. Specific gravity, 
1*07: 

HNOo +2Ha =a3 +HNOg +H.O, 

HNOa -hSHa =NOa 

Teat for Strength. — 10 mils should require about 26*6 mils of N/1 
sodium hvdroxide solution to neutrali^ the total acid present, 
using metl^l orange as indicator. 
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PHOSPHORUS, P 
(Atomic Wt. «31) 

The non-met&llic element phosphorus occurs in Nature in the fom 
of phosphates, notably, apatite^ 3 Ca,(P 04 )j,CaClj, and sombreriU, 
CJajfPOJj. Phosphorus is an essential element for the growth of 
plants, and calcium phosphate is present in most fertile soils, ^e 
nardness of bones is attributable to the 60 per cent or so of calcium 
phosphate which they contain. • 

Phosphorus occurs in several allotropic forms, the most imiwrt- 
ant of tnese being white phosphorus and red phosphorus. • White^# 
phosphorus is a waxy, crystallino solid, which on heating to 260® in 
the absence of air, becomes converted into the red modiheation. 
Only the white variety is official. 

Preparation. — (1) The first stop is the preparation of phosphoric 
acid. Powdered bone-ash is treated with sulphuric acid, and the 
clear liquid is decanted from the almost insoluble calcium sulphate : 

Ca 3 (P 04)2 + 3HjS 04 = 30aS()4 + 2 H 3 PO 4 . 

The filtrate is evaporated to a syrup, and heated in cast-iron 
pots with one-fourth its weight of charcoal until dry. The dried 
mixture is then transferred to a fireclay-lined retort, the outlet of 
which dips beneath the surface of water, and heated. The phos- 
phoric acid is converted by the heat into metaphosphoric acid, with 
loss of water : 

H3P04=H30 + UP03, 

and the metaphosphoric acid is reduced by the carbon, the phos- 
phorus condensing under the water, and carbon monoxide escaping : 

2HP08-h6C=6C0fH3+2P. 

(2) A Jiore modem process dejicnds upon heating a mixture 
of bone-ash (or mineral phosphate), finely divided silica, and coke, 
by means of an electric furnace. The two electrodes of the furnace 
project into the mass, the resistance producing intense heat. 
Calcium silicate and phosphorus jx^ntoxide are formed : 

SSiOj -h Ca3(P04)2 = 3CaSi03 -I- PjOj. 

The carbon of the coke then reduces the ])cntoxide, the vapours of 
phosphorus being led away and condensed under water : 

P 305 + 5C = 6C0 + 2P. 


PHOSPHORUS 

Phosphorus 

Properties and Tests lor Identity. — A semi-traifbmtrent, waxy 
solid, usually seen in the form of cylindrical sticks, soft and flSxible 
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at ordinary temperatures, brittle at low temperatures, and having 
a characteristic, disagreeable odour. iKeiting point, 44®. It is 
luminous in the dark, and on exposure to air becomes so rapidly 
oxidised as to burst into flame, for yhich reason it must always be 
kept under water, in which it is practically insoluble, until required 
for use, when small portions may be cut, rapidly dried between filter 
paper, and weighed (if necessary) on a watch-glass. 

If phosphorus be allowed to Iflim in an uiflimited supply of air, 
white vapours of phosphorus pentoxide (flowers of phosphorus) are 
produded, which may bo condensed to form a voluminous, very 
hygroscopic powder : 

• 4P + 602=2PA- 

If the supply of air bo limited, however, phosphorus trioxide is 
formed as well : 

4P+302 = 2P203- 


Phosphorus is soluble 1-80 in olive oil, 1-80 in ether, 1-26 in 
chloroform, and 2-1 in carbon disulphide. The carbon disulphide 
solution on evaporation in an atmosphere of carbon dioxide leaves 
octahedral crystals of phosphorus. Great caro must be taken if 
the evaporation be allowed to take place in air, since the phosphorus 
that remains is spontaneously inflammable. 

Tests lor Impurities. Sulphur . — Oxidise about 1 gramme of the 
phosphorus by boiling, very carefully and gently, in 10 mils of 
nitric acid diluted with 10 mils of water. The phosphorus slowly 
dissolves with formation of phosphoric acid, any sulphur being 
converted into sulphate, so that a precipitate will be obtained in 
the acid solution on the addition of barium chloride if sulphur bo 
present. 

Arsenic . — ^This is a common impurity, and may be tested for 
by Ileitmann’s test (p. 143), excess of sodium hydroxide being added 
to some of the nitric acid solution prepared in the manner just 
described. 

Oleum Phosphoratum. Phosphorated Oil . — This is a 1 per cent 
wlw solution of phosphorus in olive oil. The oil is heated on a 
sand-bath to 160® to expel all air and moisture, then cooled and 
filtered. The oil and phosphorus (in small pieces) are then placed 
in a dry stoppered bottle capable of holding rather more than the 
required quantity, and heated to 80® in a water-bath, shaking until 
solution is eflected, finally adding 1 per cent of oil of lemon to 
flavour. The product is a clear yellow liquid, phosphorescent in 
the dark. 

Pllula Phosphorl. Phosphorus Pill.—k solution of phosphorus 
and oH of fheobroma in carbon disulphide is allowed to pi^ially 
evaporate, IJiO resulting paste being made into a mass with kaolin, 
dried sodium sulphate, and wool fat. 
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» 

The initial quantity of phosphcnns is about 1 per cent of the 
weight of the finished mass. 

PHOSPHORIC ACID. H,P04 
(Mol. Wt.=98) 

Derived from phosphorus penjoxide, PiOj, are three phosphoric 
acids. The direct combination of the pentoxide with water pro- 
duces tribasic orthopho^Jioric acidy HsP 04 : 

PA + 3H,0-2H3P04. 

On heating to 250® orthophosphoric acid l)ecomo 8 converted 
into tetrabasic pyropliosphoric octd, H 4 P 2 O 7 : 

2 H 3 P 04 = H4P20, + H20. 

Pyrophosphoric acid, when heated to redness for some time, 
loses more water, and becomes monobasic meUxphosphoric octd, 
HPO3: 

H4P3O7-2HPO3 + H2O. 

Of these acids, only orthophosphoric acid is official. Being a 
tribasic acid, it is capable of forming three series of salts, according 
as to whether one or more hydrogen atoms are displaced by a 
metal. The constitutional formulae of certain of these compounds 
makes this plain : 

/OH /ONa /ONa /ONa 

0-P— OH O-P—OH 0=P-0Na 0«P~-0Na 

\OH \OH \OH \ONa 

HjPO. NaHjPO. Na,PO, NajPO. 

Orth(^ Sodium Di-sodium Normal 

phosphoric <li-hydrogen hydrogen sodium 

acid. phosphate. phosphat<\ phosphate. 

Di-sodium hydrogen ])ho 8 phatc is known in the Pharmacopoeia 
simply as sodium phosphate, wliile sodium di-hydrogen phosphate 
is called sodium acid phosphate (pp. 78, 80). Normal senium 
phosphate is not official. 

It will be seen that one hydrogen atom might be displaced by 
one metallic radicle and another by a different one. Such a 
compound is microscomic salt, sodium ammonium phosphate, 
NaNH 4 HP 04 : 

/ONa 

0 =»P~ 0 NH 4 

\OH 

A bivalent metal >vill be capable of displacing two hydrogen 
atoms, and gives rise to such a series of compounds av: 
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• 

/OH 

O-P—OH 

\ 0 \ 

/</* 

0 = p— OH 
\OH 

O.M> 

\OH 

• 

■)s> 

o=^o\c. 

Ca(H,P 04 ), 

CaHP 04 

Ca3(P04)2 

M^no -calcium 
phosphate. 

Di-calcium 

phosphate. 

Normal calcium 
phosphate. 


The official calcium phosphate is the normal salt (p. 104). 

Preparation. — (1) Orthophosphoric acid may bo prepared in t] 
laboratory by placing in a flask fitted with a reflux condense 
7 grammes of phosphorus, 60 mils of water, and 40 mils of stroi 
nitric acid, adding the acid last, then boiling until the phosphon 
has disappeared. If the presence of water is not maintained tl 
reaction is liable to become very violent, hence the reflux co] 
denser. When the reaction is concluded, the product may I 
poured into a dish and evaporated in the fume-cupboard until of 
syrupy consistence, in order to expel nitrous compounds and watc 

(2) Phosphoric acid may also be prepared by burning phosphorus 
under cover, collecting the pentoxide formed, dissolving in water, 
then boiling with nitric acid to oxidise any lower acids of phosphorus, 
and concentrating as before. 

(3) Commercially, the acid is made by digesting calcium 
phosphate with the theoretical quantity of diluted sulphuric acid, 
separating by decantation from the undissolved calcium sulphate, 
and evaporating to a syrupy consistence. 


AGIDUM PHOSPHORICUM CONCENTRATUM 

Concentrated Phosphoric Acid 

This is required to contain 66-3 per cent by weight of ortho- 
phosphoric acid, H 3 PO 4 , and 33-7 per cent by weight of water. 

Properties and Tests for Identity. — colourless, syrupy liquid, 
with an acid taste and reaction. Sj^cific gravity, 1’6. 

On evaporation a glass-like residue is left wffich melts at a low 
red heat. The residue is sometimes known as glacial phosphoric 
acid, and may bo obtained in sticks or slabs. It consists almost 
entirely of metaphosphoric acid, HPO3. 

Dilute and render alkaline with ammonium hydroxide, then 
add magnesia mixture,^ when a white crystalline precipitate of 

^ Magnesia ^mixture may bo made by mixing in a toat-tube mamesium 
sulphate solutiprf, ammonium chloride solution, and a few drops of strong 
ammonium hydroxide. 
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mmesium ammonium phosphate is produced, soluble in dilute 
, acids : 

H,F04 + MgS04 + 3NH4OH - NH4MgP04 + (NH4)gS04 + 3H|0. • 

To a little of the acid, diluted, add concentrated nitric acid, 
then an excess of ammonium molybdate solution, and warm. 
A canary ■ yellow precipitate of ammom‘um phosphomolybdate, 
12 [Mo 03] . (NH4)3P04, is produced, soluble in ammonium hy4roxide. 

The neutralised acid gives with silver nitrate a yellow precipitate 
of silver phosphate, soluble in nitric acid and in ammonium hydroxide.^ 

The neutralised acid gives with ferric chloride a ycllowish-whitd 
precipitate of ferric phosphate, soluble in excess of the chloride and 
in dilute mineral acids, but insoluble in acetic acid. 

Tests for Impurities (to be applied to the diluted acid). Copper. 

- -Add excess of ammonium hydroxide and filter. The filtrate 
should have no blue tinge, and should give no brown coloration 
on acidifying with acetic acid and adding potassium forrocyanide. 

Iron. — Add nitric acid and potassium forrocyanide solution. 
Not more than a slight blue or green colour should be produced. 

Calcium and Magnesium. — If a white precipitate is obtained on 
addition of exce.s8 of ammonium hydroxide, it may contain either 
^or both of those metals as phos])hate8. Filter off the precipitate, 
dissolve in dilute hydrochloric acid, remove the phosphate by the 
method described in the Api^ondix (p. 424), and test the resulting 
solution as follows. Make alkaline with ammonium hydroxide, and 
add ammonium carbonate, when there should bo no white pre- 
cipitate (absence of calcium). FiltcT, if necessary, and add sodium 
phosphate. There should bo no precipitate, immediately or on 
standing (absena^ of magnesium). 

Sulphate. — Dilute well, add nitric acid, then barium chloride. 
Not more than a slight turbidity should be produced. 

Chloride. — Dilute well, add nitric acid, then silver nitrate. 
There should be no more than a faint opalescence. 

Nitrate and Nitrite. — When a cold solution of ferrous sulphate 
is carefully poured on to the surface of a cooled mixture of the acid 
with an equal volume of sulphuric acid, no brown ring should develop 
at the junction of the liquids (p. 35). 

Phosphorous Acid. — A 1-6 dilution should give no turbidity with 
mercuric chloride solution. 

Metaphosphoric Acid. — This impurity would cause the coagula- 
tion of albumin on shaking in a test-tube. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 5 parts per million (p. 176). 

Quantitative Estimation. — The volumetric test for phosphoric 
acid forms an interesting and instructive exercise. It has already 
been shown (p. 39) that phosphoric acid is tribasic — the molecule 
contains thr^ atoms of hydrogen, each or all of %rbich may be 
displaced by metals forming a series of salts. The estiiffhtion 
depends upon the effect of these sajts on indicators. If normal 
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sodium hydroxide solution be run from^ a burette, drop by drop, 
into a little phosphoric acid containing methyl orange, the colour 
of the indicator changes from red to yellow when sufficiei}^; alkali 
has ]^en supplied to convert all the acid into sodium di-hydrogen 
phosphate : 

NaOH + H3PO4 = NaH2P04 + H^O. 

c 

If now, a few drops of phenolphthalein be added, and titration 
continued, a red colour is produced when such additional quantity 
of alkali has been added as will convert the di-hydrogen salt into 
\the di-ljodium salt : 

NaOH + NaH2P04 - Na3HP04 + Hfi. 

In other words, sodium di-hydrogen phosphate is neutral to 
methyl orange, but acid to phenolphthalein, whereas di-sodium 
hydrogen phosphate is alkaline to methyl orange, but neutral to 
phenolphthalein. The quantity of alkali used in each stage should 
bo the same, and this affords a useful check, since the quantity of 
acid present may bo calculated from either reading. 

Weigh about 10 grammes of phosphoric acid, and dilute to 
100 mils. Take 20 mils for each titration, add a few drops of 
methyl orange and titrate with N/1 sodium hydroxide until the 
colour changes from red to yellow, and notice the volume of alkali 
used. Next, add a little phenolphthalein and about 20 mils of 
1-4 sodium chloride solution — ^this to give a sharper end-point — 
and continue to titrate until a jx'rmanont r(‘d colour is obtained. 
Again notice the volume of alkali used, which should be the same 
as in the methyl orange titration. The acid present may now bo 
calculated from the total number of mils of alkali required : 

2 NaOH + H3PO4 =Na2HP04 + 2H3O, 

2x40is98 

10(K) mils N/1 NaOH = 49 grammes of H3PO4, 

1 mil N/1 NaOH = 0 049 gramme of H3PO4. 

Aoldum Phosphorioum Dilutum. Diluted Phosphoric Arid , — 
This contains 10 per cent by weight of H3PO4, and may l)c prepai^ 
by diluting 159*5 grammes of the concentrated acid to 1000 mils. 
Specific gravity, 1*057. 

QuarUitative Estimation . — It is estimated as just described 
under Acidum Phosphoricum Conccntratuin. Weigh about 10 
grammes of the acid, dilute to 100 mils, and take 20 mils for each 
titration, using N/10 sodium hydroxide. 



CHAPTER V 

(COMPOUNDS OF BORON AND SlUCON 

The non-metallic clenientH boron and silicon have a few points 
in common, althougli they are placed in different families in the 
Pericxlic Classification of elcinents, boron being tervalent and 
silicon quadrivalent. The numlxT of their compounds used in 
pharmacy is small, but such as are used are common and important 
substances. 


COMPOUNDS OF BORON 
B (Atomic Wt. = 11) 

The element boron does not occur in the free state, but in 
combination with hydro^n and oxygen in the form of boric acid, 
H 3 BO 3 , as lineal, the sodium salt of tetraboric acid (crude borax), 
and as native calcium borate. 

When boron is burned in air it forms boron trioxide, B 1 O 3 , which 
on exposure to moisture liecomes converted into orthoboric acid : 

3H20 + Ba03=2H3B03. 

On heating to 100°, orthoboric acid loses water, and yields melaboric 
acid : 

2H3B03=2HB03 + 2H30. 

On further heating to 160° more water is driven off, leaving tetra- 
boric acid (sometimes called pyroboric acid) : 

4HB03 = H 2 B 407 + Hj0, 

and at a red heat, the whole of the water is expelled, leaving the 
trioxide : 


Orthoboric Acid, H,B0, 

(Mol. Wt. =62) 

Preparation. — (1) Boric acid occurs naturally ia volcanie jets 
of steam issuing from the ground in Tuscany. The s&am condenses 
in natural or artificial la^ns, the liquid m which is concenAated 

43 
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by utilising the heat of the steam, crude boric acid crystallising 
out. The crude acid, which is yellow in colour, is purihed by 
dissolving in water, mixing with freshly ignited charcoal, ffltering, 
and recrystallising. ‘ 

(2) Boric acid may bo prepared in the laboratory by precipitation 
from an aqueous solution of borax, by means of a mineral acid. 
Dissolve about 30 grammes of ly)rax in 80 mils of water by aid 
of heat ; mix about 6 mils of Concentrated sulphuric acid with 
30 mil» of water, and add the diluted acid to the borax solution ; 
filter while hot, set aside to crystallise, and again filter. Wash 
«^tho crystals on the filter with cold water until the washings are 
*froo from sulphate, then dry between filter paper on a porous 
plate. If a sample of special purity be required, the boric acid 
may dissolved in hot alcohol and recrystallised : 

Na^B^O, +5H2O + H2S04=Na2S04 + 4H3BO3. 

It is often difficult to obtain a clear solution of borax on boiling 
and filtering, but this may be overcome by adding to the hot liquid, 
prior to the addition of the sulphuric acid, a small quantity of 
white of egg mixed with a little water, when the coagulation of the 
albumen retains the insoluble particles. The use of hydrochloric 
acid instead of sulphuric acid gives a larger yield, and the crystals 
are more quickly washed, but they seem to lack the j)early appear- 
ance characteristic of a good sample. 


ACIDUM BORICUM 

Boric Acid. S^n. Boracic Acid 

This is required to contain not less than 99*5 jx'r cent of H3BO3. 

Properties and Tests for Identity. — White, pearly, lamellar 
crystals, separate, or in masses, or in the form of a white, odoitfless 
powder, unctuous to the touch, with a taste that is at first bitter 
and slightly acid, but afterwards sweetish. Soluble 1-25 in water, 
and 1-3 in boiling water, 1-4 in glycerin, and 1-30 in alcohol, the 
crystals giving a clearer solution than the powder. 

Place some boric acid in an evaporating dish, add a little alcohol, 
or methylated spirit, and ignite. The edge of the flame will be 
seen to be tinged with green, owing to the formation of volatile 
ethyl borate. Make an aqueous solution and test, (a) with blue 
litmus paper, when a claret-red colour is produced, and (6) with 
tmrmeric paper slightly acidified with hjtirochloric acid, when a 
brown colour is produced, which becomes greenish-black on moisten- 
ing with potassium hydroxide solution. The brown colour nroduoed 
by boric acid with turmeric paper differs from that produced by 
atkalies in not being discharged by acids. 

Carefully beat a little boric acid. It first fuses, then sweUs, 
and ^on strdngly heating becomes converted into a transparent, 
hygroscopic mass of boric oxide. 
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Tests for Impuritlas (tests for metallic impurities to be applied 
to a solution in dilute hydrochloric acid). Copper. — ^Add excess of 
ammonium hydroxide and filter. The filtrate should have no blue 
tinge ahd should ^ive no brown coloration on acidifying with 
acetic acid and adding potassium ferrocyanide. 

/fon.— There shodd be no more than the slightest blue or 
^n colour on the addition of nitric acid followed by potassium 
ferrocyanide solution. 

CdU^ium. — Add ammonium chloride, exwss of ammonium 
hydroxide, and ammonium oxalate, when there should be no** 
distinct precipitate. 

Magnesium. — Add ammonium chloride, ammonium hydroxide 
in excess, then sodium phosphate. There should be no precipitate 
on standing for a short time. 

CAioridc.— To the aqueous solution add nitric acid and silver 
nitrate. There should Imj no more than a faint opalescence. 

Sulphate. — Add to the aqueous solution hydrochloric acid, and 
test with barium chloride. There should be no more than a slight 
turbidity. 

Lead Limit. — 25 parts per million (p. 173). 

Arsenic Limit. — 5 parts per million (p. 176). 

Quantitative Estimation. — Boric acid is estimated by titration 
with sodium hydroxide in presence of glycerin. It is too feeble 
an acid to affect methyl orange, and when phenolphthalein is used 
as indicator, the red colour apjxjars lK*forc all the acid is neutralised, 
owing to the partial hydrolysis of the sodium metabora to, which 
is the compound formed by the reaction : 

NaOH + H3BO3 * NaBO, + 2H3O. 

The glycerin is said to prevent the reaction proceeding in the 
reverse direction. Another suggestion is that a glyceryl borate is 
formed which is a sufficiently strong acid to give a sharp end-point 
with phenolphthalein. Weigh about 4 grammes of the acid, dis- 
solve in sufficient water to produce UK) mils, and take 20 mils, 
with an equal volume of glycerin, for each titration, using N/1 
sodium hydroxide, and phenolphthalein as indicator : 

NaOH + H3BO3 = NaBO* -h 2H,0, 

40-62 

1000 mils N/1 NaOH -62 grammes of H3BO3, 

1 mil N/1 NaOH = 0-062 gramme of HjBO,. 

Glycerlnum Acldl Boriol. Glycerin of Boric Acid* — ^This is a 
solution of the ester, glyceryl borate, in glycerin. Glycerin and 
boric acid are heated in a tared dish on a sand-bath until the weight 
has been reduced to a definite amount, the boric acid combinmg 
with the glycerin to produce glyceryl borate and watfer ; 

C3Hj(OH)3 + H3BO3 *= C3H3BO3 + 3H3O. 
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The reaction is a reversible one, the water4)eing capable of hydrolys- 
ing some of the ester ; hence the evaporation to a definite weight, 
imch indicates that the water has been driven off by heat, the 
hydrolysis thus l^ing prevented. The temperatufo must not rise 
aMve 150*^, or decomposition of the glycerin may occur, with 
formation of acrolein (p. 283). The contents of the dish are now 
dissolved in glycerin, which should be previously warmed, as other- 
wise the ester is cooled to solidification, when it is difficult to dissolve. 


Sodium Tetraboeatb, Na2B4O7,10H2O 
(Mol. Wt. =382) 

The sodium salt of tetraboric acid — ^usually termed borax — 
occurs to about 52 per cent in the mineral tincah which is found in 
the dried’Up inland lakes of California, India, and Tibet ; but most 
of the borax of commerce is obtained by decomposing native 
calcium borate, which forms large deposits in Bolivia. 

Preparation. — (1) The powdered calcium borate is boiled with 
water, and sodium carbonate added, the calcium being precipitated 
as carbonate, and a mixture of sodium tetraborate and metaborate 
remaining in solution : 

CasB^Oji + 2 Na 2 C 03 = 2 CaC 03 + Na 2 B 407 + 2NaB02. 

On cooling, the borax crystallises out, while the more soluble 
metaborate remains dissolved. The mother liquor is concentrated 
further, and carbon dioxide passed through the solution, with 
formation of more borax, which is precipitated in the form of fine 
crystals : 

2Na2Bj04 + CO, = NajCOg + Na2B407. 


(2) Borax may be prepared in the laboratory by adding the theoreti- 
cal quantity of aiffiydrous sodium carbonate to a boiling solution 
of boric acid. On cooling, the borax crystallises in the form of 
transparent prisms : 

4 H 3 BO 3 + Na2C08 = Na2B407 + fiHjO + CO,. 


BORAX PURIFICATUS 

Purified Borax. Syn, Biborate of Sodium 

This is required to contain not less than 98*9 per cent of sodium 
pyroborate (tetraborate), Na,B 4 O 7 , 10 HnO. 

P^pertles %iid Tests for Identity. — Cmourless, transparent prisms, 
often^ efflorescent. Taste, saline and alkaline. Soluble 1-25 in 
water, 2-1 in boiling water, 1-1 in glycerin. The aqueous solution 
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has an alkaline reaction owing to hydrolysis. In oonoentrated 
solution, hydrolysis is only parti^ : 

NajBA + 3H,0 «2NaBO* + 2H8BO,, 
but on further dilution, hydrolysis may be nearly complete : 

NaBOj + 2H,0 - HjBOj + NaOH, 

and the emulsifying action of borax on oils may bo attributed to 
the presence of the free alkali. 

Heated on a platinum wire in the bunsen flame, an Jntense 
yellow colour is imparted to the flame (presence of sodium). The 
salt fuses, swells, then loses water, and, finally, forms a elm bead, 
of anhydrous borax, which, on dipping into salts of some metaW 
that form coloured oxides, and again heating, assumes charaater- 
istic colours, the colour depending upon the metal present, and 
whether the bead is heated in the oxidising or the reducing j^rtion 
of the flame. This characteristic behaviour may bo explained by 
the assumption that anhydrous borax contains an acid anhydride, 
2NaB02 . B2O3, and that the metallic oxide combines with the 
B3O3 to form a metaborate, thus : 

Na3B407 + CuO = Cu(B 03)3 + 2NaB03. 

Moisten a little borax with sulphuric acid in an cvai^rating 
basin, add a httlo alcohol or methylated spirit, ignite, and stir 
with a glass rod. The edge of the flame is tinged with green, duo 
to the liberation of boric acid (p. 44). 

To a saturated solution, add hydrochloric acid. A white 
crystalline precipitate of boric acid is produced which may bo 
tested with turmeric paper (p. 44). 

Tests for Impurities. Copper. — ^To the aqueous solution add 
ammonium hydroxide and filter. The filtrate should have no blue 
tinge, and should give no brown coloration on acidifying with 
acetic acid and adding potassium ferrocyanide. 

— A diluto aqueous solution, acidified with nitric acid, 
should yield no blue or green colour with potassium ferrocyanide. 

Cakihm. — An aqueous solution should give no white precipitate 
on the addition of ammonium chloride, ammonium hydroxide and 
ammonium oxalate. 

CarbmoUe and Bicarbonate. —The aqueous solution should not 
effervesce with acids. 

Sulphate. — A 1-50 solution, acidified with hydrochloric acid, 
should give no more than a slight turbidity with barium chloride. 

Chloride.— k 1-50 solution, acidified with nitric acid, should 
give no more than a faint opalescence with silver nitrate. 

Lead Limit.— IS parts per million (p. 173). 

Arsenic Limit. parts per million (p. 176). 

Quantitative Estimation. — It has been shown (p^ 44) that the 
addition of acid to borax results in the liberation of Iwrjn acid, 
and the formation of the sodium salt of the acid used# If the borax 
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is titrated with standard add, usii^ methyl orange as indicator, 
neutrality is shown when all the boric add is set free, because boric 
add has no effect on methyl orange. 

Na,B40, + HjSO* + 6 HjO =NajS04 + 4H3BQ8. 

If phenolphthaldn and glycerin are now added, the free boric 
acid can be titrated as described under Acidum Boricum ; and from 
the fact that one molecule of bojax will yield four molecules of 
boric acid, the amount of borax present in the Sample under examina- 
tion can calculated. It will be seen that this method shows the 
amount^ of total alkali and total boric acid present — a useful 
check, f9r if the borax contained alkaline impurity, titration with 
%oid only would still give a high percentage result. 

Weigh about 2 grammes of borax and dissolve in water. Titrate 
with N/1 sulphuric acid, using methyl orange as indicator ; then 
add about an equal volume of glycerin and a few drops of phenol- 
phthalein and titrate the released boric acid with N/1 sodium 
hydroxide. If the sample is a correct one, containing no excess 
of boric acid or of alkali, the volume of normal alkali required 
should bo exactly twice that of normal acid used in the first titra- 
tion, because one molecule of sulphuric acid, which is dibasic, is 
equivalent to one molecule of borax, but one molecule of borax 
is equivalent to four molecules of sodium hydroxide ; 

NaOH + HgBOa - NaBOj + 2H2(), 

NajB4O„10HaO yields 4H3BO3, 

4NaOH = 4H8BO3 = Na3B4O7,10H3O, 

4 X 1000 mils N/1 NaOH = 382 grammes Na2B407,10H20, 

1 mil N/1 NaOH = 382/4 * 96*5 grammes Na2B4O7,10H2O, 
or calculating from the first titration only : 

H2SO4 = Na,B4O7,10H2O, 

98 ~ 382 

1000 mils N/1 H2SO4S 191 grammes Na2B4O7,l0H2O, 

1 mil N/1 H2SO4S 0-191 gramme Na2B4O7,10H2O. 

Glyoerinum Boraois. Glycerin of Borax. — A solution of borax in 
glycerin. The product effervesces slightly with sodium bicarbonate, 
and it may bo assumed that the glycerin reacts with the borax to 
produce sodium metaborate, and glyceryl borate ; the glyceryl borate 
then being partially hydrolysed by the water, and boric acid set free : 

2C3H5(OH)s + Na2B407, lOHjO = 2 C 3 H 3 BO 3 + 2NaB02 + 1 SH.O, 
C 3 H 3 BO 3 + 3H,0 =C 3 H 5 ( 0 H), + H 3 BO 3 . 

COMPOUNDS OF SILICON 
Si (Atomic Wt. «28) 

Thofc compounds of silicon are seldom used in medicine, but 
two of them, talc and kaolin, are common substances, consUmtly 
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oaed in pharmaceutical operations. Kaolin is also used as a medica- 
ment. 

Kaoun, Al,H,Si,08>HaO. 

• # , 

This substance, o^n termed china, or porcelain, clay, is derived 
from the decomposition of the felspar of granitic rocks, and occurs 
in large quantities in Cornwall. It consists largely of an aluminium 
silicate with traces of aluminifim hydroxide, mamesium oxide, 
calcium carbonate, and ferric oxide. Fuller’s earth is an^ impure 
variety of kaolin. 

Purification . — Kaolin is purified for pharmaceutical purposes^ 
by washing with hydrochloric acid to remove calcium carbonat<^, 
and then with sulphuric acid to dissolve other impurities. It is 
finally washed with water to remove chlorides and sulphates, and 
freed from gritty particles by elutriation (p. 101). 


KAOLINUM 

Kaolin 

Properties and Tests for Identity.— A soft, whitish powder with 
an earthy taste, insoluble in water and darkening in contact with 
it, and insoluble in dilute acids. 

On fusion with alkalies, alkaline silicates and aluminates are 
formed. The fused mass is partially or completely soluble in water, 
and if digested with water and filtered, the filtrate, on acidification 
with hydrochloric acid, deposits hydrated silica. If this bo filtered 
off, and excess of ammonium hydroxide added to the filtrate, a 
precipitate of aluminium hydroxide is obtained. 

Tests for Impurities. Iron. — Shake with dilute hydrochloric 
aedd and filter. The filtrate should not give more than a very 
slight reaction for iron on testing with ])otassium ferrocyanide. 

Carbonate . — ^There should be no effervcsccneci on the addition 
of acids. 

Volatile Matter (Limit of ). — Not less than H5 cent of residue 
should remain after ignition at a red heat. 

Talc 

8yn. French Chalk ; Greta Gallica ; Soapstone 

This substance is not official, but is mentioned in Appendix I. 
of the Pharmacopoeia. It is a native hydrated silicate of magnesium. 

Purification. — For pharmaceutical purposes, talc should be 
purified as follows : Mix the talc, in fine powder, with five times 
its weight of boiling water and one-tenth its weight of hydrochloric 
acid. Boil for fifteen minutes, then set aside for fifteen minutes 
and decant the supernatant liquid. Repeat this A^tment, usi^ 
the same quantity of water, but only naif the amount dl acid. 
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Decant/ the liquid and wash the residue wi^i water, first by decanta< 
tion, and afterwards on a linen strainer until free from chloride. 

Properties and Tests for Identity . — It occurs either in the form 
' of a fine, white, tasteless powder, imparting a feeling of soapiness 
to the skin, or in the form of greenish-grey irregular masses with 
a waxy lustre. 

h\ise with anhydrous sodium carbonate and potassium carbonate, 
and digest the residue with hot w&ter. Filter, add a slight excess 
of sulphuric acid to the filtrate, and evaporate to dryness. Add 
water to the residue, boil, and filter. An insoluble residue of silica 
remains, on the filter. To the filtrate, add ammonium chloride 
*and ammonium hydroxide, when a white precipitate of aluminium 
hydroxide is formed. Filter, add sodium phosphate solution to 
the filtrate, shake, and set aside. A white precipitate is formed 
(magnesium). 



CHAPTER VI 


COMPOUNDS OF POTASSIUM, SODIUM, LITHIUM, AND AMMONIUM 

COMPOUNDS OF POTASSIUM 
K (Atomic Wt. = 39 ) 

These arc generally white or colourless, and are, with very few 
exceptions, easily soluble in water, the solution in many cases 
having an alkaline reaction owing to hydrolysis. The salts can be 
prepared by acting upon the hydroxide or the carbonate with the 
appropriate acid, or by a process of double decomi>osition with 
the salt of another metal. 

Potassium compounds are principally obtained from the enor- 
mous “ salt-beds ” in the neighbourhood of Stassfurt (Saxony), 
wherein are found the minerals aylvine, KCl ; camalUte, KCl, 
MgClj.dHjO ; kainiley K2S04,MgS04,SlgCl2,6H20, and others. 

General Tests for Potassium. — ( 1 ) Potassium compounds impart 
a lilac coloration to the bunsen flame, but in the presence of 
sodium the colour may be masked, in which case the flame must 
bo viewed through an indigo prism, when the potassium flame is 
seen as crimson, the yellow colour of the sodium flame being 
cut off. 

Salts of lead, arsenic, antimony, and other metals give bluish 
flame colorations. It is necessary, therefore, to remove such 
metals before testing for potassium. 

(2) Hydrogen platinichloride, added to a solution of a potassium 
salt, gives a yellow crystalline precipitate of potassium platini- 
chloride, insoluble in alcohol : 

2 KNO 3 + HjPtCIj * KjPtOl, + 2HN08. 

Owing to the high cost of the reagent this test should be omitted 
unless essential, and even then it should be carried out only on a 
watch-glass. 

( 3 ) A strong solution of tartaric acid, added to a concentrated 

solution of a potassium salt, yields, when well shaken and allowed 
to stand, a white cr3rBtalline precipitate of potassfum hydrogen 
tartrate : * 

H2C4H4O3 + KNO, «KHC 4 H 404 -h HNO,. 

61 
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POTASSA CAUSTitA 

Potassium Hydroxide, KOH. (Mol. Wt. =66.) 

8yn, Caustic Potash • 

This is required to contain nqt loss than 85 per cent of KOH. 

Preparation. — (1) Potassium hydroxide is manufactured by the 
electrolysis of a solution of potassihm chloride : 

/ 2KCi=2K+Cl2, 

\2K+2HaO=2KOH+H2. 

%lhlorine escajies at the anode and potassium hydroxide collects 
at the cathode. The liquid is evaporated to dryness, and the 
resulting fused potassium hydroxide is run into moulds to form the 
familiar sticks. 

(2) Another method consists in boiling a solution of potassium 
carbonate with milk of lime : 

KjCOa + Ca(0H)a=CaC03 + 2KOH. 

The reaction is at an end when all the potassium carbonate has 
been decomposed, as shown by the fact that a little of the clear 
liquid no longer effervesces when tested with hydrochloric acid. 
The precipitated calcium carbonate is allowed to settle, and the 
aupematant liquid decanted and evaporated. It is essential for 
the successful performance of this process that the solution shall 
be kept dilute, since otherwise there is a tendency for the reaction 
to proceed in the reverse direction. 

Purification . — Commercial potassium hydroxide is liable to con- 
tain considerable quantities of carbonate and other impurities, 
from which it may be freed by dissolving in alcohol and filtering, 
the solvent being recovered by distillation. The product is very 
pure and is known os “ potash by alcohol ”. 

Properties. — It occurs in hard, white, deliquescent sticks, 
alkaline, and very corrosive. Soluble 2-1 in water, and 1-3 in 
alcohol (90 {Kjr cent). When strongly heated it melts without 
decomposition. 

Tests lor Impurities. Insoluble Solids . — 1 gramme should leave 
practically no residue in 2 mils of water or in 19 mils of alcohol 
(90 per ceny. 

Copper . — ^Acidify the aqueous solution with hvdrochloric acid, 
add excess of ammonium hydroxide, and filter. The filtrate should 
have no blue tinge, and should give no brown coloration on acidify- 
ing with acetic acid and adding potassium ferrocyanido. 

Lead . — ^To the aqueous solution add ammonium hydroxide, 
potassium cyanide, and a few drops of sodium sulphide solution. 
There should no dark coloration. 

Armnic. — ^T^ should be completely absent. (Apply Meitmann’s 
T^t, p. 143.) 

Aliiminium . — Neutralise with hydrochloric acid, add ammonium 



POTASSIUM, SODIUM, LITHIUM, AND AMMONIUM 53 

chloride and ammonium thydroxide, and boil, wheQ no appreciable 
white precipitate should be formed. 

Calcium . — Add to the aqueous solution ammonium oxalate. 
There* should b«» no white precipitate. 

Silica . — Dissolve in water, acidify with hydrochloric acid, and 
evaporate to dryness. Any silicate will be converted into in- 
solqble silica, ancl will remain ai^a n'siduo on boiling with water. 

Carbonate . — THfcro should bo no marked effervescence on the 
atldition of acids to the aqueous solution. 

Quantitative Estimation. — Potassium hydroxide is estimated by 
neutralisation with standard acid. Weigh about 5 grammes in % 
stoppered weighing bottle, and dissolve in sufficient water to produdb 
100 mils. Titrate fwrtions of 20 mils with N/1 sulphuric acid, using 
methyl orange as indicator :• 

H,8()4 +2KOH ^-K*S()4 + 2H2(), 

98 2x56, 

UMK) mils N/1 H2SO4 56 giammcs KOH, 

1 mil N/1 HjS04 : 0-056 gramme KOH. 

Note . — This estimation gives the total alkali (potassium 
hydroxide and carbonate*) in the sam])le, calculated as hydroxide. 
If it is desired to estimate* the amount of carbonate present, the 
above titration is repeated, tising i)henolplithalein as indicator. In 
this case the ph(‘nol])hthalcin colour diHap})ear8 when the total 
potassium hydroxide has been neutralisc'd and the carbonate has 
bet*n converted into bicarbonate : 

2K2CO3 + H2SO4 - K2SO4 + 2KHC()3. 

The difference between the methyl orange and the phenolphthalein 
titrations corresponds, therefore, to half the carbonate present. 


LIQUOR POTASSiE 

Solution of Potash 

This is a 5 per cent Wj'v solution of potassium hydroxide in 
water. It should be stored in green glass bottles, since the alkali 
has a solvent action on the lead of white gloss. The lK>ttle should 
be fitted with a glass stopper to prevent th(^ access of atmospheric 
carbon dioxide, and the stopper should lx* smeared with soft paraflhi, 
as otherwise the alkali may render it immovable. Specific gravity, 
1 045. 

Tests for Impurities. Lead, Copper, Arsenic . — ^Test as under 
Potassa Caustica. 

Iron . — Acidify with nitric acid and add potassium fcrrocyanide, 
when there should be no blue or green colour. , 

Aluminium and Calcium . — ^Test as under Potasqa Caustiea. 

Mo/gnesium . — ^Add ammonium hydroxide and sodium phosphate, 
shake, and allow to stand. There should be no white pred|Atate. 
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Awimontttw.— The eolation should mot evolve ammonia on 
boiling, detected by its odour, and by turmeric paper (p. 32). 

SMum . — Evaporate a little of the solution almost to dryness, 
odd hydrochloric acid to the residue, and apply the flame test; when 
no pronounced and continuous yellow colour should be obtained. 

Carbonate . — ^There should bo no appreciable effervescence with 
acids. , 

Sulphate . — Add excess of hydrochloric acid, and test with barium 
cliloride. There should not be more than a slight turbidity. 

Chl^ide . — Add excess of nitric acid, and test with silver nitrate. 

,There should not bo more than a slight opalescence. 

* Quantitative Estimation. — It is estimated as described under 
Potassa Caustica, employing 20 mils for each titration. 


POTASSIl CARBONAS 

Potassium Carbonate, KjCOj. (Mol. Wt. = 138.) 

Unofficial Syn. Salt of Tartar 

This is required to contain not less than 81-5 per cent of 
KjCOa. 

Preparation. — (1) Potassium carbonate may bo obtained by 
lixiviating with water the ashes of various plants. The product of 
this process was formerly termed “ pot-ashes ”, whence the origin 
of the term potash. 

(2) Potassllim carbonate is prepared also by reducing potassium 
sulphate (obtained from deposits of potassium salts in the region 
of Stassfurt) to sulphide with carbon, and then heating with calcium 
carbonate, a method similar to the Le Blanc process for the prepara- 
tion of sodium carbonate (p. 70). 

(3) Pure potassium carbonate may be obtained by heating the 
bicarbonate until all evolution of carbon dioxide has ceased : 

2KHCO3 = K2CO3 + H3O + CO2, 

or by i^ting potassium hydrogen tartrate, extracting the charred 
mass with water, filtering, and evaporating : 

2KHC4H4O* = K3CO3 + 3C + SHjO + 4CO. 

Purification. — ^The pure substance may be obtained from crude 
potash by dissolving in an equal weight of water, allowing to stand 
for a day or two, futering, and evaporating the filtrate to dryness, 
the solid being manipulated towards the end to induce granulation. 

Properties* — A white, crystalline or granular, deliquescent 
powder, odourless, with a strongly edkaline taste and reaction, 
liable 1-1 in water, insoluble in alcohol. Hie crystals contain 
three molecules of water, which they lose at 130® ; the anhydrous 
salt meits at a ^ heat without decomposition. 

Tests for Impurities. Limit of Wdter. — Loses not more than 
18‘6 pdt cent of its weight on heating to redness. 
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Copper. — Dissolve in«dilute hydrochloric acid, add excess of 
atumonium hydroxide, and filter. The filtrate should have no blue 
tinge, and should give no brown coloration on acidifying with 
acetic 'acid and*adding potassium ferrocy^do. 

Iron. — Dissolve in slight excess of dilute nitric acid and add 
potassium ferroeyanide. Not mure than the slightest blue or green . 
colour should be observed. * 

Aluminium. — Dissolve in dilute nitric acid, add excess of sodium 
hydroxide solution, filter off any precipitate of iron, add to the 
filtrate exci'ss of ammonium chloride, and boil. No flocculont 
white precipitate should be produced. • , 

Calcium. — Dissolve in excess of hydrochloric acid, make alkalind 
with ammonium hydroxide, and test with ammonium oxalate. 
There should Ix^ no precipitate. 

Marjnesium. — Dissolve in excess of hydrochloric acid, make 
alkaline with ammonium hydroxide, and odd sodium phosphate. 
No precij)itate should appear even on shaking and allowing to stand. 

Sodium. — Apply the flame test. 

Niirak. — Neutralise an aqueous solution with sulphuric acid, 
and apply the brown-ring test (p. 35). 

Sulphate. — llender the aqueous solution acid with hydro- 
chloric acid, and test with barium chloride. There should be no 
precipitate. 

Sulphide. — Add excess of dilute hydrochloric acid to the dry 
substance and test the evolved gas with lead acetate paper, whicn 
should not be darkened. * 

Thiomlplmte. — On acidification the aqiK^ous solution should 
yield no precipitate of sulphur, and no odour of sulphur dioxide. 

Chloride and Cyanide. — If the aqueous solution, made acid with 
nitric acid, yields a white precipitate soluble in ammonia on the 
addition of silver nitrate, either chloride or cyanide may bo present. 

Acidify an aqueous solution with nitric acid and boil until any 
hydrocyanic acid is expelled. Add silver nitrate, when no more 
than an opalescence should be produced (absence of more than 
traces of chloride). To a fresh portion of the aqueous solution add 
sodium hydroxide, a little ferrous sulphate, and a drop of ferric 
chloride ; boil and acidify with dilute hydrochloric acid. No blue 
or green coloration should be produced (absence of cyanide). 

Lead Limit. — 5 parts per million (p. 173). 

Arsenic Limit. — 2 parts per million (p. 176). 

Quantitative Estimation. — Potassium carbonate is estimated 
by neutralisation with sulphuric acid. Weigh and dissolve almut 
6 grammes in sufficient water to produce 160 mils. Titrate portions 
of 20 mik with N/1 sulphuric acia, using methyl orange as indicator : 

+ K,CO, =. K^04 + CO, -f- H,0, 

98 == 1 ^ • 

1000 mils N/1 HiSO, - 69 grammes K^CO,, 

1 mil N/1 H,SO4 s 0‘069 gramme JK, CO,. 
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POTASSII BICARBdNAS 

Potaiwium Bicftrbonato, KHCOg. (Mol. Wt. = 100) 

• 

Thii^ is required to contain not less than 99 per cent of KHCO3. 

Preparation.— The bicarbonate may be prepared by saturating a 
solution of the carbonate with carbon dioxide, and evaporating to 
crystaUisation at a temix'rature ndt exceeding 70® : 

K2CO3 + CO2 + HaO = 2KHCO3. 

Owing the fact that potassium bicarbonate is readily soluble in 
‘•water, it is not practicable to manufacture it by any method 
analogous to the 8olvav process for sodium bicarbonate. 

Properties. “Colourless crystals, or a crystalline powder, not 
deliquescent. It lias a saline taste, and is alkaline to methyl orange. 
Soluble 1-4 in water, almost insoluble in alcohol (90 per cent). On 
heating the aqueous solution carbon dioxide is evolved, and the 
bicarbonate Ijccomes converted into carbonate. 

Twenty grammes are neutralised by 14 of citric acid and 15 of 
tartaric acid. 

Distinction between Potassium Carbonate and Bicarbonate . — 
(1) Add the dry substance to boiling water ; carbon dioxide is 
evolved from the bicarbonate. 

(2) Dissolve in cold water and add magnesium sulphate. A 
white precipitate is obtained immediately in the case of the 
carbonate, but in the ease of the bicarbonate, only on boiling. 

Tests for Impurities. Copper . — Dissolve in dilute hydrochloric 
acid, add excess of ammonium hydroxide, and filter. The filtrate 
should have no blue tinge, and should give no brown coloration 
on acidifying with acetic acid and adding ]K)tassium ferrocyanide. 

Iron . — Dissolve in slight excess of dilute nitric acid and test 
with potassium ferrocyanide, when there should be no more than 
a slight green or blue tinge. 

Sodium . — Apply the name test. 

Sulphaie . — Dissolve in excess of dilute hydrochloric acid and 
add barium chloride. There should be no turbidity. 

Chloride . — Dissolve in excess of nitric acid and test with silver 
nitrate. There should be no more than an opalescence. 

Lead Limit . — 5 parts per million (p. 173). 

Arsenic Limit . parts per million (p. 176). 

Quantitative Estimation. — (1) Weigh about 1 gramme and ignite 
to a dull red heat in a crucible, allow to cool in a desiccator, and 
again weigh. From the weight of the residue, calculate the amount 
of bicarbonate originally present. 

2KHCO3 « K,CO, + H3O + CO,. 

2 X 100 grammes s 138 grammes. 

(2) It is also estimated by neutralisation with standard acid. 
Weigff about 5 grammes of potassium bicarbonate, dissolve in cold 
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water, and dilute to 100 mils. Titrate portions of 20 mils with 
N/1 sulphuric acid, using fbethyl orange as indicator : 

H,S04+2KHC0a«K,S04+2H,0 +2CO4. 

9^ ^ 2 X 100 

1000 nuls N/1 11,864 ^ grammes of KHCO., 

1 mil N/1 H,S04 = 0-100 gramme of KHCO,. 

(3) Potassium Carbonate and ^icarbomU.--\i rqay be requir^ 
to cBtimate the proportion of carbonate and bicarbonate present in 
a mixture of these substances. If such a mixture be titrated with 
sulphuric acid, the first reaction that takes place is the conversion 
of all the carbonate into bicarbonate : •* 

2K,CO, + H,S04 = K,S04 + 2KHCO3. 

At this point the solution is neutral to phenolphthalein, but alkaline 
to methyl orange. If more sulphuric acid is run in now, all the 
bicarbonate originally present, together with that formed from the 
carbonate, is converted into potassium sulphate, the solution then 
being neutral to both indicators : 

2KHCO3 + H28O4 = K,S04 + 2H ,0 + 2CO,. 

Weigh about 5 grammes, dissolve in cold water, and dilute to 
100 mils. Slowly titrate portions of 20 mils with N/1 sulphuric 
acid, using phenolphthalein as indicator, and record the reading. 
Then add a few drops of methvl orange to the same solution and 
continue to titrate, recording the second reading. The volume of 
acid used in the phenolphthalein titration corresponds to half the 
carbonate present. This volume, doubled, and subtracted from 
the total quantity of acid used, will give the amount of acid required 
for the bicarbonate originally present. 


POTASSll BROMIDUM 

Potassium Bromide, KBr. (Mol. Wt. = 119) 

This is required to contain not less than 98 per cent of KBr 
when dried at 100°. 

Preparation. — (1) Iron borings arc tniated with bromine, yielding 
a bromide of iron. This is then boiled with potassium carbonate 
solution, filtered, and the filtrate evaporated to crystallisation ; 

FejBr, + 4K,C03 - FcjO, + 8K Br + 4CO,. 

(2) It is formed when bromine, in slight excess, is ^ded to a 
concentrated potassium hydroxide solution. The solution, which 
also contains potassium bromate, is evaporated to dryness, ignited 
with charcoal to reduce the bromate to bromide, treated with water 
and filtered. The filtrate is then evaporated to crystallisation : 

6KOH + 3Br, = 6KBr + KBrO, + 3H,(f, 

KBrO, + 3C « KBr + 3CO. 
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Properties. — Colourless, cubical, anhydrous crystals, with a 
saline taste. Soluble 1>2 in Water, and 1-200 in alcohol (90 per 
cent). On heating it ihelts without decomposition. 

Tests for Impurities (to be applied to thefa^ueous solution). 
Copper. — Add excess of ammonium hydroxide and filter. The 
filtrate should have no blue tinge and should give no brown colora- 
tion on acidifying with acetic acid and adding potassium ferro- 
cyanide. * 

Iron. — Add dilute nitric acid and potassium ferrocyanide, when 
there should be no blue or green colour. 

Barium and Calcium. — Add ammonium chloride, ammonium 
* hydroxide, and ammonium carbonate. If a precipitate bo produced, 
examine by Table on p. 424. 

Magnesium. — Add ammonium chloride, ammonium hydroxide, 
and sodium phosphate. There should bo no precipitate, oven on 
shaking and allowing to stand. 

Carbonate. — There should be no effervescence with dilute acid. 

Sulphate. — Acidify strongly with hydrochloric acid and add 
barium chloride. There should not bo more than a slight 
turbidity. 

Chloride. — This, though not mentioned in the Pharmacopoeia, 
is one of the most common impurities, some American samples 
of bromide containing as much as 6 per cent of potassium chloride. 
Ignite in a crucible, in order to convert any bromate and iodate 
present into bromide and iodide ; allow to cool, dissolve in dilute 
nitric acid, and boil in order to oxidise the bromide, and any iodide, 
to bromine and iodine respectively. When all bromine and iodine 
have been expelled, add silver nitrate. There should not be more 
than a slight opalescence, showing the absence of more than traces 
of chloride. 

Bromate and Iodate. — ^To the dry salt, add dilute sulphuric acid, 
and allow to stand. There should bo no brown coloration. 

Iodide. — ^To the aqueous solution, add a few drops of very 
dilute, freshly prepared chlorine water, followed by starch mucilage. 
There should bo no blue colour. 

Ijead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 6 parts per million (p. 176). 

Quantitative Estimation. — (1) It should not lose more than 
1 per cent of its weight when dried at 100®. 

(2) The salt is estimated volumetrically by precipitation with 
standard silver nitrate.^ Weish about 1 gramme of the dried salt, 
dissolve, and dilute to 100 mus. Titrate portions of 20 mils with 

S 10 silver nitrate solution, using a few drops of potassium chromate 
ution as indicator. The silver nitrate reacts with the potassium 
bromide to produce a pale yellow precipitate of silver bromide. 
The precipitation is shown to be complete by the formation of a 
perirpment teddish-brown precipitate of silver chromate, because 
' It Bhould^be noted that the presence of any quantity of potassium 
chloride will result in a high titration value. 
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silver bromide is less soljible than silver cbromaks and is, con- 
sequently, precipitated first : 

AgNOa +KBr = AgBr +KNO3, 

•170 =119, 

1000 mils N/1 AgNOj^ 119 grammes of KBr, 

1 mil N/10 AgNOjsd-OllO gramme of KBr. 


POTASSII lODIDUM 

Potassium Iodide, KI. (Mol. *Wt. = 106) 

This salt, when dried at 100®, is required to contain not less 
than 99 per cent of KI. 

Preparation. — It is manufactured by methods exactly similar 
to those employed for potassium bromide (q.v.), using iodine instead 
of bromine. 

Properties. — Colourless, cubical crystals, opaque or transparent, 
with a saline taste. Soluble in less than 1 of waU^*, and 1-12 in 
alcohol (90 per cent). The aqueous solution should be neutral, 
but may be slightly alkaline to litmus. The salt melts at a low 
red heat. 

Tests for Impurities (to be applied to th(^ aqueous solution). 
Copper and Iron. — Test as under Potassii Bromidum. 

Aluminium. — Add excess of sodium hydroxide, filter if neces- 
sary, add to the filtrate ammonium chloride in excess, and boil. 
There should be no precipitate. 

Calcium and Magnesium. — Test as under Potassii Bromidum. 

CarboTuUe. — ^There should l)e no effervescence with dilute acids. 

Sulphate. — Strongly acidify with hydrochloric acid, and add 
barium chloride, when there should not Ikj more than a slight 
turbidity. 

Chloride. — Add excess of dilute nitric acid, boil until colourlt^ss, 
then add silver nitrate. There should Ixi no white precipitate. 

Bromide and Nitrate. — Acidify with dilute sulphuric acid, and 
boil until any bromine and icnline (c^volvcd owing to oxidation of 
some of the iodide by any bromak? or iodak? present) has been 
driven off. Divide the solution into two ])art8, and test as follows : 

(1) Add sodium nitrite solution ; boil until colourless ; cool, 
and add a crystal of potassium iodak*. There should not bo more 
than the faintest brown colour, showing the absence of more than 
traces of bromide. 

(2) To the second portion, add zinc and starch mucilage, when 
there should be no blue colour, showing absence of nitrate. 

Bromate and lodate. — ^To the dry salt, add dilute sulphuric acid, 
and allow to stand. There should lie not more than the palest 
yellow coloration. * • 

Cyanide. — Add dilute sulphuric acid and set aside in a closed 
tube for several minutes in order to decompose any bromate or 
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iodato. Invert the tube once or twice, then add excess of silver 
nitrate and filter off the precipitate, wnich will consist of silver 
iodide, with any bromide, chloride, or cyanide . Wash the precipitate 
thoroughly with boiling water, until a few drop^ of the fimate, 
tested with dilute hydrochloric acid, give no opalescence. !^il 
the precipitate with moderately concentrated nitric acid, to de- 
compose any silver cyanide, dilute, filter, and test the filtrate with 
dilute hydrochloric acid, when there should be no white precipi- 
tate or opalescence, showing absence of cyanide. 

Lead Limit . — 10 parte per million (p. 173). 

Ar^ic Limit . — 6 parte per million (p. 176). 

Quantitative Estimation. — (1) When dried at 100°, it should 
lose not more than 1 wr cent of its weight. 

(2) Potassium iodide is estimated by precipitation with standard 
silver nitrate in a manner similar to that described for Potassii 
Bromidum, weighing about 1 *6 grammes of the dried salt, and using 
the same indicator. 

AgNOa + KI-Agl+KNOo, 

170 -166, 

1000 mils N/1 AgNOj- 166 grammes of KI, 

1 mil N/10 AgNOg- 0 0166 gramme of KI, 


POTASSII CHLORAS 

Potassium Chlorate, KCIO 3 . (Mol. Wt. = 122 - 5 ) 

Preparation. — ( 1 ) It is formed when chlorine is passed into a 
hot, moderately concentrated solution of potassium hydroxide : 

SQa + 6 KOH = KCIO 3 + 6KC1 + SHjO. 

The potassium chlorate, being much loss soluble in cold water 
than potassium chloride, may be freed from the latter by fractional 
crystallisation. 

( 2 ) Commercially, this salt is produced by, first, passing chlorine 
into a boiling suspension of calcium hydroxide in water : 

6 Clg + 6 Ca(OH), = Ca(C108)a -f fiCaO^ + 6 HjO, 

and then adding potassium chloride to the hot solution, when 
double decomposition occurs : 

Ca(aO,)a + 2KC1 - CaCl, + ^KaOg. 

On concentrating and cooling, the potassium chlorate separates 
out, the much more soluble ccdcium chloride remaining in solution. 

(3) Potassium chlorate is now prepared by the electrolysis of a 
solution of TOtassium chloride. The chlorine liberated at the anode 
is made to react with the caustic potash produced at the cathode, 
instead of beiilg allowed to escape, as in the preparation of potassium 
hydroxide (p. 62). 
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Properties. — Colourless •prisms or plates, with a saline taste. 

. Soluble 1-16 in water. On heating it decrepitates, then melts and 
evolves oxygen : 

• 2Kao3«Kao4+Ka +o„ 

Kao4«Ka+203. 

Tests for Impurities (to be applied to the aqueous solution). 
Iron, — ^Acidify with dilute nitric acid and add potassium ferro- 
cyanide, when there should be no blue or green colour. 

Cakium and Magnesium. — ^Test as under Potassii Broraidum. 

Sodium. — ^Apply the flame test. • 

Ammonium. — Boil with sodium hydroxide and test the evolved 
vapours with turmeric paper. 

Nitrate. — Apply the bro'wn ring test (p. 35). 

Sulphate. — Acidify with hydrochloric acid and t(^st with 
barium chloride, when there should not more than a slight 
turbidity. 

Chloride. — Acidify with nitric acid and add silver nitrate, when 
there should not be more than a slight opalescence. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 5 parts per million (p. 176). 


POTASSA SULPHURATA 

♦ Sulphurated Potash. Sgn. Liver of Sulphur 

This substance consists of a mixture of potassium trisulphido, 
KjSg, potassium pentasulphide, KjSg, and potassium thiosulphate, 
K^SgOg, with smaller quantities of other potassium compounds. It 
is required to contain between 42 and 45 per cent of sulphur. 

Preparation. — A mixture of dried potassium carbonate, 100 parts, 
and sublimed sulphur, 50 parts, is heated in a crucible (covered to 
exclude air), gently at first, and then to dull redness, until evolution 
of carbon dioxide ceases and the mass is fused. The fused mass is 
poured out on to a clean stone slab, allowed to cool, broken into 
iragments, and transferred to a stoppered bottle immediately. 

3KgCO, + 8S = 2KgSa + KgSgO, + 3COg, 

3KjCOg + 12S = 2KgS5 + KgSgO, -f 3CO,. 

Properties. — Granular fragments, the freshly fractured surface 
being pale liver-brown in colour, but rapidly changi^ to a greenish 
yellow on exposure to air. It has an acrid, alkaline taste, and a 
strong odour of hydrogen sulphide. It should be readilv and almost 
completely soluble in water, witb formation of a yellowish, opalescent 
solution. On treatment with dilute acids it is decomposed with 
rapid evolution of hydrogen si^hide. • 

Quantitative Estimation.— The sulphur present i»estima(!hd by 
oxidising to sulphate, precipitating as barium sulphate, and ^igh- 
ing. Duwolve about 0-2 ^amme in about 10 of water in a 
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small flask. Add 5 mils of 1-5 solutioiv'Of sodium hydroxide, heat 
to boiling, and add gradually a slight excess of bromine, with . 
frequent agitation. Acidify with hydrochloric acid, boil off the 
excess of bromine, add excess of barium chloride* collect the pre- 
cipitate on a filter paper, wash, dry, ignite, and weigh. 

Baa, + Na^O- = BaS04 + 2NaCl, 

BaS 04 H.S, 

233 grammes BaS04 32 grammes of S. 


POTASSII SULPHAS 

PotaHsium Sulphate, K2SO4. (Mol. VVt. = 174) 

This salt is required to contain not less than 99 per cent of 
K2SO4. 

Preparation. — (1) It occurs in the Stassfurt deposits in the form 
of mineral kainitCt K2S04,MgS04,MgCl2,6H20, from which it can 
be obtained by, first, extracting the magnesium chloride with a 
little wat(^r, then dissolving the residue in water and treating with 
potassium chloride : 

K2SO4, MgS04 + 3KC1 - 2K2S()4 ♦- KCl,Mg(32. 

On evaporating and cooling, the less soluble potassium sulphate 
crystallises out. 

(2) It is also obtained as a by-product of many manufacturing 
processes, as a result of the action of sulphuric acid on potassium 
salts. 

Properties. — It forms colourless, rhombic crystals containing no 
water of crystallisation, and has a saline taste. Soluble 1-10 in 
water, the solution being neutral ; insoluble in alcohol (00 per cent). 
When heated, it first decrepitates and then melts. 

Tests for Impurities (to be applied to the aqueous solution). 
Copper, — Add excess of ammonium hydroxide and filter. The 
filtrate should have no blue tinge and should give no brown colora- 
tion on acidifying with acetic acid and adding potassium ferro- 
oyanido. 

Iron, — Acidify with nitric acid and test with potassium ferro- 
oyanide, when there should be no blue or green colomr. 

Calcium and Magnesium , — ^Test as under Potassii Bromidum. 

Sodium and Ammonium, — ^Test as under Potassii Chloras. 

NitraU, — ^Apply the brown ring test (p. 35). 

Chloride, — ^Add nitric acid and silver nitrate, when there should 
not be more than a slight opalescence. 

Acid Potassium Sulphide, — ^The aqueous solution should be 
neuti^ to litmus. 

I4ad Limit, — 20 parts per million (p. 173). 

Arsenic Limit. — 5 parts per million (p. 176). 
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potAssii NITRAS 

Potassium Nitrate, KNO 3 . (Mol. Wt. =* 101.) 

Syn, Purified Nitre. Unofficial Syn. Saltpetre 

Preparation.— This salt is obtained from Chili saltpetre, NaNOs, 
by adding potassium chloride to^the hot, concentrated aqueous 
solution, ana boiling : 

NaNOa + KCl - KNO 3 + NaCl. 

As sodium chloride is not very soluble in hot water, the bulk of it 
is precipitated and removed by canvas filters. The mother liouor 
is then set aside in tanks for the potassium nitrate to crystallise 
out, the formation of small crystals being induced by stirring. 

Properties. — Colourless, four or six-aided, rhombic prisms, or a 
white crystalline powder, with a cooling, saline taste. Soluble 1-4 
in wat('r. On heating it melts and decomposes, with evolution of 
oxygen ; 

2 KNO 3 - 2 KNO 3 + O 2 . 

Tests for Impurities (to be applied to the aqueous solution). 
Copper. — Add excess of ammonium hydroxide and filter. The 
filtrate should have no blue tinge and should give no brown colora- 
tion on acidifying with acetic acid and adding i)ota 88 ium ferro- 
cyanide. 

Iron. — Add nitric acid and test with potassium ferrocyanido, 
when there should be no blue or green colour. 

Aluminium. — Add nitric acid and test as under Potassii Carbonas. 

Zinc. — Add ammonium hydroxide and pass hydrogen sulphide 
through the solution, when there should be no precipitate. 

Calcium and Magnesium. — ^Test as under Potassii Bromidum. 

Sodium. — Apply the flame test. 

i4mmontum. — Add sodium hydroxide, and boil. Test the 
evolved vapours with turmeric paper (p, 32). 

Sulphate. — Acidify with hydrochloric acid and test with barium 
chloride. There should be no turbidity. 

Chloride and Iodide. — Add a slight excess of silver nitrate. If 
a precipitate be formed, add a few drops of ammonium hydroxide^ 
shake, and filter. A pale yellow residue shows the presence of 
iodide. Acidify the filtrate with nitric acid, when a white pre- 
cipitate will bo formed if chloride bo present. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 5 parts per million (p. 176). 

POTASSII BICHROMAS 

Potassium Bichromate, KjCr.O^. (Mol. Wt. « 294.) 

Syn. Potassium Dichromate * 

This salt is required to contain not less than 99 per cent of 
Kfirfij. 
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PnpftTfttlon* — Potaasiuni dichromaSte is lutwitifactured from 
chrome iron ore, CraOj.PeO. The ore is strongly heated with a. 
mixture of potassium carbonate and lime in an open furnace : 


4Cr,0juFe0 + CKjCOa + 2CaO + 70j = 

2CaCr04 + eKjCrO* + 2Fe,0, + 6C0j,. 


The product is cooled and oxtra^*ted with boiling water, potassium 
sulphate then being added to the liquor to convert the calcium 
chromate into potassium chromate : 

0aCrO4 + K2SO4 = CaS04 + K2Cr04. 

The hot liquid is next filtered from the precipitated calcium sulphate 
and treated with the theoretical quantity of sulphuric acid, to 
convert the potassium chromate into dichromate : 


2K20rO4 + H2SO4 ^KaCr^O, + K2SO4 + H2O. 


On cooling, the iK)tassium dichromate crystallises out, and may be 
purified by rccrystallisation from water. 

Properties. — Ijarge, orange -red, anhydrous crystals. Soluble 
1-10 in water, forming an acid solution. It is a powerful oxidising 
agent, each molecule providing 3 atoms of oxygen available for 
oxidising purposes : 

K2Cr207 — + 30. 

Quantitative Estimation. — ^The estimation depends upon the 
oxidation of potassium iodide by the dichromate, with the liberation 
of the equivalent amount of iodine, the iodine being determined by 
titration with sodium thiosulphate solution. Weigh about 0-6 
gramme, dissolve, and dilute to 100 mils. Take 20 mils of the 
solution for each titration ; add a few drops of dilute sulphuric acid 
and about 2 grammes of potassium iodide. Titrate with N/10 
thiosulphate solution, using starch mucilage as indicator : 

KaCrjO- + 7H2SO4 + 6KI -4K2S04 + Cr2(S04)3 + 3I2 + THjO, 

2 Na 2 S 203 +l2=2NaI +Na2S40e, 

NajS,0„6H,0 ^ I 

248 grammes js 49 grammes K3Cra07, 

1000 mils N/1 NaaS203,6H20 = 49 grammes KjCraO,, 

1 mil N/10 Na2Sa03,5Hj0- 0-0049 gramme KjCraO^. 


POTASSII PERMANGANAS 

Potassium Permanganate, KMn04. (Mol. Wt. « 168) 

This salt is required to contain not less than 99 per cent of 
KMnO*. 

Preparidlon. — ^Memganese dioxide is fused with a mixture of 
potassium Hydroxide and potassiupa chlorate, the chlorate supply- 
ing the necessary oxygen : 

MnOa + 2KOH + 0 «KjMn04 + H2O. 
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The green mass of potassimn manganate is extracted with water 
jemd treated with carbon dioxide, in order to convert it into per- 
manganate : 

3K,Mnb4 + 2CO, = 2KMn04 + MnO, + 2K»CO,. 

The solution is then filtered and evaporated, when the permanganate 
separates in crystals. , 

Propertles.-^lender, dark purple prisms, having a metallic 
lustre by reflected light. Soluble 1-20 in water, the solution being 
neutral. On heating, it decomposes with evolution of oxygen : 

2KMn04 = KjMnOj + MnOj + O,. 

Potassium permanganate is a powerful oxidising agent in acid, 
alkaline, or neutral solution. In acid solution, two molecules of 
permanganate can supply 5 atoms of oxygen available for oxidising 
purposes : 

2 KMn 04 — >K 20 +2MnO +60. 

Tests for Impurities. Lead. — Boil a little of the permanganate 
with concentrated hydrochloric acid until the colour has disappeared, 
dilute largely, and pass hydrogen sulphide through the liquid, when 
there should be no black precipitate or brown colour. 

Arsenic. — Apply Fleitmann’s test (p. 143). 

Iron. — Boil with concentrated hydrochloric acid until colour- 
less, dilute and test wth potassium ferrocyanido, when there should 
be no blue or green colour. 

Sodium. — Apply the flame test. 

Ammonium. — Boil with sodium hydroxide, and test the evolved 
vapours with turmeric paper (p. 32). 

Sulphate. — Boil with concentrated hydrochloric acid until 
colourless, dilute, and aild barium chloride. There should be no 
precipitate. 

Chloride. — Dissolve in water, acidify with dilute sulphuric acid, 
)>a8s sulphur dioxide until colourless, then add silver nitrate, when 
there should be no precipitate. 

Nitrate. — Dissolve in water, acidify with dilute sulphuric acid, 
add excess of ferrous sulphate, and warm until colourless. Cool, 
and apply the brown ring test (p. 36). 

Quantitative Estimation. — Potassium permanganate is estimated 
by determining the amount of oxalic aciu it is capable of oxidising. 
Weigh about 1 gramme, dissolve, and dilute to 260 mils. Take 
20 mils for each titration, acidify with dilute sulphuric acid, heat 
to lx>iling, and titrate with N/10 oxalic ewid until the solution is 
colourless : 

6(COOH), + 2KMn04 + 3H,S04 « K,S04 + 2MnS04 + lOCO, + 8H,0, 
5(C00H)„2H,0 = 2KMn04, 

5x126 = 316, 

1000 mils N/1 (C00H)„2H,0-3D6 grammes KMn04, 

1 mil N/10 (COOH)^2H,Os0 00316 gramme KMn04. 
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Liquor Potassll PermanganaUs. Shluiion of Potassium Per- 
manganate . — ^This Ih a simple 1 per cent wjv solution of the salt, 
in water. It may be tested for strei^h by titrating portions of 
10 mils with N/10 oxalic acid, as described above^. 


potassA acetas 

Potassium Acetate, CHj . COOK. (Mol. Wt. =98) 

This salt is required to contain not less than 90 per cent of 
CH3.COOK. 

Preparation. — It may be prepared by dissolving potassium 
carbonate in a very slight excess of acetic acid, and gently evapor- 
ating to dryness in a porcelain dish on a sand-bath : 

KaCOa + 2 CH 8 . COOH = 2CH3 . COOK + CO^ + H^O. 

Owing to the impurities that the carbonate is liable to con- 
tain, a purer sample of acetatt> may be obtained by using the 
bicarbonate. 

Properties. — Satin-like crystalline masses, or a white, granular 
powder, having a saline taste. Very deliquescent. Soluble 1-0*5 
in water, 1-2 in alcohol (90 per cent). The aqueous solution is 
alkaline to litmus owing to partial hydrolysis. 

Tests for Impurities. Copper, Iron, Aluminium, Calcium, and 
Magnesium, — There should be no indication of any of these on 
testing as described under Potassii Carbonas. 

Carbonate, — There should bo no effervescence with dilute 
acids. 

Sulphide, — Acidify the dry salt with hydrochloric acid and warm 
gently, when the evolved vapours shoula not blacken lead acetatt^ 
paper. 

Sulphate, — Acidify the aqueous solution with hydrochloric acid 
and add barium chloride, when there should be not more than a 
faint turbidity. 

Chloride, — Dissolve in dilute nitric acid and test with silver 
nitrate, when there should not be more than a slight opalescence. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 6 parts per million (p. 176), 

Quantitative Estimation. — ^This is based on the titration of the 
alkaline residue obtained by igniting the salt. Weigh about 1 
gramme in a porcelain crucible and heao, very gently at first (in 
order to avoid loss by spurting), and finally to bright recess. Allow 
the crucible and contents to cool, boil in a dish with a little water 
and carefully filter. Rinse the crucible and dish repeate^y with 
small quantities of water, and pass the washings throu£^ the filter. 
Dilflte the eombined filtrate and washings to 100 mils, and titrate 
20ymils at a time with N/10 sulphurio acid, using methyl onmge 
as indicator : 
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2CHj,COOK-^K,CO,. 

K,CO, + H^04 « K^04 + H.O + CO,. 
H,S04=2CH,.C00K, 

• 98 ^ 2 X 08 

1000 mils N/l H,S04^98 grammes CH, . COOK, 

I mil N/10 H,S04 -"0 0098 gramme CH, . COOK. 


POTASSII TARTRAS 

Potassium Tartrate (K,C4H404),,H,0. (Mol. Wt. »*470) 

This is required to contain not less than 99 per cent of 
(K,C 4 H 40 e)„H, 0 . 

Preparation. — It is prepared by neutralising a solution of acid 
|)0ta8sium tartrate with {)otas8ium car Inmate, and crystallising : 


2KHC4H4()4 + KjCO, -2K,C4H40, + H,() +CO,. 


Properties. — Small colourless prisms with a saline taste. Soluble 
1-1 in water, forming a neutral solution. As may be seen from the 
formula given above, two molecules crystallise with one molecule 
of water. 

Tests for Impurities. — Ignite the salt, digest the charR^d residue 
with dilute hydrochloric acid, filter, and apply the tests for the 
metallic impurities to the filtrates. 

Copper and Iron . — There should be no indications of these, 
when tested as under Potassii ( Wbonas. 

Calcium^ Magnesium^ and Sodium . — Only very slight reactions 
should be given when tested as under Potassii Carbon^. 

CMoride and Sulphate. — Apply the tests described under 
Potassii Carbonas to an aqueous solution of the salt. Not more 
than very slight reactions should be given. 

Acid Potassium Tartrate . — The aqueous solution of the salt 
should be neutral to litmus. 

Ijead Limit . — 20 parts per million (p. 173). 

Arsenic Limit.— 2 parts per million (p. 176). 

Quantitative Estimation. — Potassium tartrate is estimated in a 
similar manner to that described under Potassii Acetas, the same 
quantities being employed : 


(K,C4H404)„H,0— >2K,CO„ 

K,CO, + H,S04 » KJSO4 + UO, + H,0, 

2H,S04 s 
2 X 98 ^ 470 

1000 mils N/l H,S04= 117*6 grammes 

1 mil N/10 H,S04 s 0*01 176 gramme (K*C4H^Q.),.H.0«* 
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POTASSII TARTRA^* ACIDUS 

Acid Potassium Tartrate, KHC4H40g. (Mol. Wt. ~ 188) 

Hyn Purified Cream of Tartar • 

This is required to contain not less than 99 per cent of KHC4H40g. 

Preparation. — Argf)l or crude acid jKitassium tartrate is deposited 
during the fermentation of grajle juice (p. 288). It is purified by 
rccrystallisation from wati;r. 

Properties. — A white, somewhat gritty powder, or in irre^ar 
cryst^line fragments, having an acid taste and reaction. Soluble 
1-220 in water ; insoluble in alcohol (90 per cent). 

Tests for Impurities. Copper^ Iron, Calcium, Magnesium, 
Sodium, Chloride, and Sulphate. — ^Test as described under Potassii 
Tartras. 

Lead and Arsenic Limits. — As for Potassii Tartras. 

Quantitative Estimation. — (1) This estimation is based upon the 
complete neutralisation of the acid salt with standard sodium 
hydroxide solution. Owing to the sparing solubility of the salt it 
is not practicable to make up a solution of known strength for 
titration in aliquot parts. Weigh about 0-5 gramme, dissolve in 
40 mils of N/IO sodium hydroxide, and titrate the excess of alkali 
with N/IO sulphuric acid, using methyl orange as indicator. The 
volume of acid required, subtracted from the number of mils of 
alkali added, gives the number of mils of alkali used in neutralising 
the acid potassium tartrate : 

NaOH + KHC4H40g = NaK04H40e + H^O, 

40 188, 

1000 mils N/1 NaOH = 188 grammes of KHC4H40e, 

1 mil N/10 NaOH 0-0188 gramme of KHC4H40e. 

(2) The salt may also be estimated by the ignition method, as 
described for Potassii Tartras : 

2KH(J4H40g— ^KjjCOg. 

POTASSII CITRAS 

Potassium Citrate, K3CeH507,H20. (Mol. Wt. =324) 

This is required to contain not less than 99 per cent of 
KgOgHgO^HjO. 

Preparation. — This salt may be prepared by neutralising a solu- 
tion of citric acid by the addition of potassium bicarbonate until 
effervescence ceases. The liquid is then filtered and evaporated to 
dryness : 

ajCjCOs + 2HsCeH407 = 2K3CgH507 + SHjO + 3CO,. 

Vropertias. — A white, ^anular or crystalline powder, deliquescent 
oni^xposure to air. Soluble 1-1 in water, the aqueous solution being 
aljialine to litmus. On heating, it first loses water then turns brown, 
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and finally chars, infiarniuablo gasi^s with a pungent odour being 
evolved. 

Tests for Impurities. — Ignite the salt to destroy organic matter, 
boil the residue twith dilute hydrochloric acid, filtcT, and employ 
the filtrate for testing for metallic impurities. 

/ron, CcUciufn, Magnesium, and Sodium.- —Test as described under 
Potassii Carbonas. There should^ be no reaction for any of these 
impurities. 

Carbonate. — There should bc» no cffcrvcscvncc on moistening the 
dry salt with dilute sulphuric acid. 

Chloride anti Sulphate. — ^llicre shoulil not Ix^ mor(‘ th{^ the 
slightest indication of these on testing as under Potassii Carbonas. • 

Tartrate. — A solution of 1 gramme in 1 mil of water should not 
deposit any precipitate on th(' addition of 1 mil of acetic acid. 

Lecul Limit. parts jx'r million (p. 173). 

Arsenic Limit.— 2 parts j)cr million (p. 170). 

Quantitative Estimation. — ^Thc salt is estimated by titrating the 
alkaline residue left on ignition in precisely the same manner as 
described for Potassii Acetas, employing the samt' ipiantity : 

2 KaCjHjO^, H ,0 - -xaK^COa,^ 

H2SO4 + K2CO3 - K2SO4 + HjO + ( ’(>2, 

3x98 -2x324, 

1000 mils N/i lOS grammes of K 3 (’eH 5 () 7 ,H 2 (), 

1 mil N'/IO H 2 S 04 £i 0 016h gramim* of Kat 

COMPOUNDS OF SODIUM 
Na (Atomic Wt. --23) 

The comj)ounds of sodium ust'd in pharmacy arc even more 
numerous than those of potassium, iK'cause sodium salts occur more 
abundantly in Nature than pota.ssium salts, and, eonse(|uently, the 
natural salts and products prepared from them are relatively cheap. 
Th(5 therafxjutic action and chemical pro|K*rtieH of corresponding 
sodium and potassium comi>ounds are usually similar, but, generally 
sjieaking, sodium salts arc more soluble in watt'r than i)ota8Hium 
salts. 

The chief naturally occurring compound of sodium is the chloride, 
NaCl, M^hich is present in .sea water and is found also in mineral 
deposits (p. 74). Large quantities of Chili saltpetre, NaNOg, are 
obtained from deposits in South America. 

General Test for Sodium. — Even minute (quantities of sodium 
impart a vivid yellow colour to the bunsem flame. 
Oii^g to the solubility of sodium comtK)unds there is no convenient 
And reliable precipitant available, so tliat it is customary to depend 
upon the flame test to prove the presence of sodium, ^reci|g^ble 
metals having been proved to be absent, or, if presentfj having been 
removed. 
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SODII CARBONAS 

Sodium Carbonate, NagCO^flOIIgO. (Mol. Wt. ^286) 

This ia required to contain not less than *99 per cent of 
NagCOgJOHgO. 

Preparation. — Sodium carbonate ia prepared on the large scale 
by throe common processes. « 

(1) The Le Blanc Black Ash Process. — Sodium chloride from 
natural sources is heated in iron pans with sulphuric acid, when 
sodium hydrogen sulphate and hydrochloric acid are formed : 

NaCl + H2SO4 = NaHS04 + HCl. 

On raising the temperature the sodium hydrogen sulphate reacts 
with more sodium chloride to produce sodium sulphate and more 
hydrochloric acid (p. 15) : 

NaCl + NaHS04 - Na2S04 + HCl. 

The 8(^ium sulphate is next mixed with limestone and coal in a 
revolving cylinder, through which the heat from a furnace is allowed 
to pass, the product being called “ black-ash louring the heating 
the sulphate is reduced by the carbon to sulphide : 

NaaS04-H4C = Naj5S-K4C0, 

and the sulphide reacts with the limestone to produce sodium 
carbonate and calcium sulphide : 

Na2b "I- CaC03 = Na2C03 -i- CaS. 

The black-ash is lixiviated with water, the solution of sodium 
carbonate dec^ted, and then evaporated in shallow pans. The 
product is purified by recrystallisation from water. 

(2) The Ammonia soda or Solvay's Process. — A cool, saturated 
solution of sodium chloride from the salt works is treated with 
ammonia and carbon dioxide, when ammonium bicarbonate is 
formed : 

NH3 + HjO + CO2 - NH4HCO3, 

and this reacts with the sodium chloride to produce sodium 
bicarbonate : 

NH4HCO3 + NaCl - NH4CI + NaHCO,. 

The sodium bicarbonate separates out on account of its being less 
soluble, and is removed from the mother hquor by filtration. On 
heating it evolves carbon dioxide (which may be used again) and 
leaves anhydrous sodium carbonate, from whicn the official substance 
may be obtained by crystallisation from water. The ammonium 
chloride formed during the process' on heating with lime evolves 
ammonia, '4rhich may be employed again, so that calcium chloride 
is the only wAte product. This process is thus much more economical 
ihao'the le Blanc process, and it is only on account of the hydro- 
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chloric acid producx?d as a by-product that the latter process holds 
its own. • 

(3) Electrolytic Process. — Sodium hydroxide, obtained by the 
electrolysis of aqueous solutions of soclium chloride (of. p. 52), is 
treated with carbon dioxide. The chlorine evolved during the 
electrol^'sis is utilised in the preparation of bleaching powder 

Properties. — It occurs in transparent, colourless, rhombic 
crystals, which become efflorescent through loss of water on exposure, 
the efflorescent salt containing only five molecules of water. Taste 
strongly alkaline. Soluble 1-2 in water, the solution bcung strongly 
alkaline to litmus. On heating it liquefies, dissolving in itft own ^ 
water of crystallisation ; alx>v(‘ 80° it loses all its water and dries, 
the loss amounting to 02-0 iK'r cent of its weight. The anhydrous 
substance melts, without decom|K)sition, at a dull red heat. 

Twenty [wirts of sodium carbonate are neutralised by 9*8 parts 
of citric acid ami 10*5 parts of tartaric acid. 

Tests for Impurities. fJ'opy)cr. -Dissolve in dilute hydrochloric 
acid, add excess of ammonium hydroxide, and filter. The filtrate 
should have no blue tinge, ami should give no brown coloration on 
acidifying with acetic acid and adding {}ota8siuin ferrocyanide. 

Iron.- Dissolve in excess (d nitric acid and add ]X)tasHium 
ferrocyanide. There should be no blue or green colour. 

Aluminium. — Dissolve in excess of dilute nitric acid, add excess 
of sodium hydroxide, filter off any preeipitiiU' of iron, then add to 
the filtrate excess of ammonium chloride, and boil. No white pre- 
cipitate should be produced. 

Calcium. — Dissolve in slight excess of dilute hydrochloric acid, 
make alkaline with ammonium hydroxide, and test with ammonium 
oxalate, when there should Ix^ no w'hite precipitate. 

Ammonium, — When w'armed with sqdium hydroxide solu- 
tion not more than the slighU\st odour of ammonia should be 
detectable. 

Sulphate. — A solution in hydrochloric acid should yield not more 
than a slight turbidity with barium chloride. 

Sulphite, and Thiosulphate. — Dissolve in excess of dilute hydro- 
chloric acid and add barium chloride. Filter off from any pre- 
cipitate of sulphate and add bromine water to the filtrate, when 
there should be no precipitate (cf. p. 30). The aqueous solution 
should yield no precipitate of sulphur on acidification with hydro- 
chloric acid. 

Chloride. — Dissolve in excess of dilute nitric acid, and test 
with silver nitrate, when there should not bo more than a faint 
opalescence. 

Thiocyanate. — Acidify the aqueous solution with hydrochloric 
acid, and add a few dro[)s of very dilute ferric chloride solution. 
There should be no red coloration. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit, — 2 parts per million (p. 176). 
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QuantlUitlva Estimation* — The carbonate is estimated by 
neutralia-ition with standard sulphuric acid. Weigh about 10 



+ Na,C03,10H,0 -Na^SO. + 11H,0 +CO,, 

98 - 286, 

1000 mils N/1 HaS 04 - 1,43 grammes of Na2CO3,10H.O, 

1 mil N/l HaS 04 ^ 0*143 gramme of NaaCOa.lOHaO. 


' SODII CARBONAS EXSICCATUS 

Exsiccated Sodium Carbonate, NaaCOj. (Mol. Wt. - 106) 

This is required to contain not less than 95 per cent of anhydrous 
sodium carbonate, NajCOa, 

Preparation.—It may be prepared by heating crystalline sodium 
carbonate until it has lost nearly 63 per cent of its weight. 

Properties.— A whitish powder, with a strongly alkaline taste, 
freely, but somewhat slowly, soluble in water. It has a tendency 
to absorb moisture from the atmosphere and become converted 
into mono-hydrated sodium carbonate, for which reason it should 
be kept excluded from the air as far as possible. 63 parts are 
equivalent to about 142 parts of the crystalline carbonate. 

It is inadvisable to use either this salt or the crystalline 
carbonate for analytical purposes, since both usually contain traces 
of chloride and sulphate. When the analytically pure substance 
IS required it is most conveniently obtained by heating the purest 
form of sodium bicarbonate. 

Tests lor Impurities. — Test as described under Sodii Carbonas. 

Lead Limit . — 26 parts jier million (p. 173). 

Arsenic Limit.— ^ parts jx'r million (p. 176). 

Estimation. — It is estimated in a manner similar to 
Dodii C^arbonas. Weigh about 6 grammes, dissolve, dilute to 100 
mils, and titrate portions of 20 mils with N/l sulphuric acid, using 
methyl orange as indicator : 

H3SO4 + NajCOj = Na3S04 + HjO + CO3, 

98 - 106, 

1000 mils N/l H3S04=£63 grammes of NajCOg, 

1 mil N/l HjS 04 :s 0*063 gramme of NajCOg. 


SODII BICARBONAS 

Sodium Bicarbonate, NaHCO,. (Mol. Wt. *84) 

^8 is required to contein not less than 98*5 per cent of NaHCOa. 
mpmtien. — (1) Sodium bicarbonate (sodium hydrogen car- 
bonate) 18 prepared by the ammonia-soda process as described under 
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Sodii Carbonas, but the product so obtained is liable to contain 
traces of ammonia. 

(2) A purer form may be obtained by treating sodium carbonate, 
which has been obtained by the ammonia-soda process, with carbon 
dioxide. The crystallised sotlium carbonate is placed in chambers 
having false bottoms through which the ndeased water of crystallisa- 
tion can escape : 

Najt'Oj, lOHjO +004 = 2NaHt’()j 4^911 jO. 

The bicarljonati* is then purified by wiishing with small quantities 
of water or dilute' alcohol to remove normal carbonate, chtoride, 
and sulphate, the loss of bicarbonate* bt'ing but small on account 
of its being less soluble. 

Properties. — A white |)owder, or small opaque crystals, with a 
tast<^ that is saline, but not disagreeably alkaline. Soluble 1-1 1 in 
water. The aqueous solution is faintly alkaline to litmus paper ; 
on heating lost's carbon dioxide, and when subs(*(piently eoolca de- 
posits crystals of sodium scsqiiicarbonaU*, Naa(’()3,2NaH(-0.„2H,0; 
on boiling more carbon dioxide is lost, and the dissolved salt 
becomes converted into the normal carbonate. 

Tests for Impurities, ('opper. Iron, Aluminium^ Calcinm^ 
Ammonium, Sulphate, Sulphite, Thiomlphate, Chloride, and !77tk)- 
cyanale. — Test as described under Sodii (’arbonas. 

Limit of Normal (.'arbonate. - A solution of 1 gramme in 20 mils 
of water, obtained without shaking and at a t(*m])crature not 
exceeding 15°, should not at once as.sume a r(‘d colour on the 
addition of 2 drops of phenol phthalein ; but if a red colour does 
appear, it should discharged on the aildition of 0*2 mil of N/1 

* Lead Limit. — 5 parts [)er million (p. 17.3). 

Arsenic Limit.— 2 parts per million (p. 176). 

Quantitative Estimation. — SrKliiim bicarbonate is estimated by 
neutralisation with standard sulphuric acid. Weigh about 5 
grammes, dissolve in cold water, and dilute* to 1(K) rails. Titrate 
]3ortions of 20 mils with N/1 Muli>huric acid, using methyl orange 
as indicator ; 

H48O4 + 2NaHC()3 - Na,«()4 f H./) + ( 

98 = 2 X 84 

1000 mils N/1 H2*S()4 84 grammes of NaHfH),, 

I mil N/1 H,804- 0 084 gramme of NaHf.Uj. 

Sodium Carbonate and Bicarbonate. The proportion of these; 
com|)ound8 present in a mixture may be* determined as described 
under Potassii Bicarbonas (p. 57). 

Sodium Carbonate and Hydroxide. — This mixture is commonly 
met with in the form of soda-ash, and the proportions* of J^hi^two 
constituents may be estimated as described under PodUsa Caustica 
(p. 53). 
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SODII CHLORIDUM 

Sodium Chloride, NaCl. (Mol. Wt. =68-6) 

Preparation. — In some countries, commercial “ salt is obtained 
by evaporation of sea water, but in Britain it is mined in the form 
01 rock-salt from deposits in Worcestershire and Cheshire. The 
rock-salt may he brought to the surface in blocks, or, more usually, 
water is introduced into a specially sunk well, and the resulting 
brine pumped up and evaporated in shallow pans. If calcium 
I , sulphate be present in any quantity, it separates first and is removed 
by means of perforated shovels. On further concentration the 
sodium chloride separates out, leaving more soluble potassium and 
magnesium salts in solution. The size of the crystals obtained 
depends upon the rate of evaporation of the solution — the quicker 
the rate the smaller the crystals. 

Very pure sodium chloride, for analytical purposes, may bo 
obtained by passing hydrogen chloride gas into a strong aqueous 
solution of the salt. Sodium chloride, being only slightly soluble in 
hydrochloric acid solution, crystallises out, leaving the impurities 
in solution. 

Properties. — Small, colourless, cubical crystals, containing no 
■water of crystallisation. Taste, saline. Soluble 1-3 in water, the 
solubility increasing but little with rise of temperature : for which 
reason it cannot l)e purified by recrystallisation from water. On 
heating, it first decrepitates, and then melts. 

Tests for Impurities. Iron (Limit of). — 20 mils of a 1-20 aqueous 
solution should not immediately bo coloured blue by the addition 
of 0-5 mil of 6 pt^r cent potassium ferrocyanide solution. 

Calcium, — To the aqueous solution add ammonium oxalatq. 
There should not be more than a slight turbidity. 

Magnesium. — Addition of ammonium hydroxide to the aqueous 
solution, followed by sodium phosphate, should produce no im- 
mediate precipitate. 

Potassium. — No crimson colour should be visible through an 
indigo prism on applying the fiame test. 

Sulphate. — Addition of barium chloride to the aqueous solution 
should produce not more than a slight turbidity. 

Iodide. — ^To the aqueous solution add a few drops of dilute 
sulphuric acid, a little sodium nitrite, and starch mucilage. There 
should be no blue colour. 

^ Bromide. — ^If iodide has been found it must be removed by 
boiling with dilute sulphuric acid and successive quantities of 
sodium nitrite until all the iodine has been expelled. Cool well, 
then odd dilute nitric acid and a little potassium iodate, when, if 
bromide b^ present, a broAMi coloration due to liberated bromine 
anfH«idIne ^11 be formed on standing. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit. — 2 parts per million (p. 176). 
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Quantitative Estimation. — ^There is no oflicial vuluinetrio test, 
but the salt may bo estimated by titration with silver nitrate as 
described under JPotassii Bromidum, using potassium chromate as 
indicator. 


soon BHOMIDUM 

i^diiim Bromide, NaBr. (Mol. Wt. ==10,7) 

This is required to contain not less than 99 per cent of NaBr 
when dried at 1 10'\ 

Preparation. — It may Ix' prepared by a method analogous to 
that described under Potassii Bromidum, using sodium carbonate 
in place of potassium carbonate. In order to obtain the palt in the 
anhydrous form the solution must bo crystallised at a temj)erature 
above 50'^. 

Properties. — Small, white*, cubical, hygroscopic crystals, with a 
saline, somewhat bitter taste. Soluble 1-1*5 in water and 1-16 in 
alcohol (90 per cent). It melts \%ithout decomi) 08 ition at a dull red 
heat. 

Tests for Impurities. (To bo applied to the aqueous solution.) 
Copper ^ Iron^ ami Aluminium.— Tout as described under Sodii 
Carbonas. 

Zinc. — Add ammonium chloride and ammonium hydroxide, 
then pass hydrogen sulphide, when there should be no precipitate. 

Calcium. — Test as under Sodii Carbonas. 

Magnesium. — Make alkaline with ammonium hydroxide and add 
sodium phosphate. There should be no pnuupitate. 

Potassium. — Apply the flame test to the dry salt, using an indigo 
prism. 

Ammonium. — Boil with sodium hydroxide and tost the evolved 
vapours with turmeric pa()er (p. 32). 

Carbonate, Sulphate, Chloride, lodifle, Promote, and lodate . — 
Test as described under Potassii Bromidum. 

Cyanide. — Test as described under Potassii lodidum. 

Jjead Limit . — 10 parts per million (p. 17,3). 

Arsenic Limit. — 5 parts per million (p. 176). 

Quantitative Estimation. — (1) It should not lose more than 
5 per cent of its weight when dried at 1 10°. 

^ (2) The dried salt is estimated by precipitation with standard 
silver nitrate solution in precisely the same manner as Potassii 
Bromidum, using the same quantities : 

AgNO, + NaBr « AgBr + NaNO,, 

170 - 103, 

1000 mils N/1 AgNOjS 103 grammes of NaBr,* 

1 mil N/10 AgN08s 0*0103 gramme of NaBr. 


' See footnote, p, 58. 
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SODII lODIDUk 

Sodium Iodide, Nal. (Mol. Wt. = 150) 

This in required to contain not less than 99 per cent of Nal 
when dried at 1 10°. 

Preparation. — It is prepared by nlethods similar to those 
employed in making potassium bromide (^.v.), using sodium car- 
bonate in place of potassium carbonate and iodine instead of bromine. 
The salt should b(i crystallised above 20°. 

Propertles.—Colourless, cubical crystals or a white, deliquescent, 
? crystalline powder, with a saline, somew'hat bitter taste. Soluble 
about 2-1 in water and 1-3 in alcohol (90 per cent). 

Tests for Impurities. (To be applied to the aqueous solution.) 
Coppery Irony and Aluminium . — Test as described under Sodii 
Carbonas. 

Calcium . — Test as under Sodii Carbonas. 

Magnemumy Potassium, and Ammonium. — Test as described 
under Sodii Bromidum. 

Carbonate, Sulphate, Bromate, lodale. Bromide, Chloride, and 
Cyanide . — Test as descrilxjd under Potassii lodidiim. 

Lead Limit . — 10 ^mrts i)er million (p. 173). 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — (1) It should lo.se not more than 
6 per cent of its weight when dried at 110°. (2) The dried 
salt is estimated by precipitation with standard silver nitrate 
solution in an exactly similar manner to that described under 
Potassii Bromidum, using potassium chromate as indicator : 

AgNOg + Nal = Agl + NaNO,, 

170 : 150, 

1000 mils N/l AgNOg - 150 grammes of Nal, 

1 mil N/10 AgNOg -0*0150 gramme of Nal. 


SODII SULPHAS 

ISodium Sulphate, NagS()4,l0H2O. (Mol. Wt. = 322) 

Syn. Glauber’s Salt 

t 

Preparation. — Crude sodium sulphate (salt-cake) is obtained by 
the action of concentrated sulphuric acid on sodium chloride in the 
first stagr^ of the 1^ Blanc process for thd preparation of sodium 
carbonate (p. 70). The pure hydrated salt is prepared from the 
salt-cake by recrystallisation from water. 

Properties. — ^Transparent, efflorescent prisms, with a saline, 
bitter 1^te« Soluble 1-3 in water at 15°. With rise of temperature 
the*lb^ilit|r increases to a maximum of 1-0-3 at 33°, and then 
deceases. On boiling a strong solution, crystals of anhydrous 
sodium sulphate are deposited. Insoluble in alcohol. 
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Tests for Impurities. :!To bo applied to the aqueous solution.) 
/run.— ^Add nitric acid and potassium ferrooyaliide; when there 
should be no blue or green colour. 

Magnesium and Potassium, — There should bo no Indication of 
these when tested as un<lor Sodii Chloriduin. 

Ammonium , — Boil with ammonium hydroxide and test the 
evolved vapours with turitieric piy)cr (p. 32) 

Carbonate. — There should be no preeipit4it<‘ on the addition of 
magnesium sulphate solution, in the cold or on boiling. The dry 
salt should not effervesce with dilute acids. 

Chloride. with nitric acid and add silver nitrate, when 

then^ should not he more than a faint opaleNeenc‘e. 

Lead Limit.— -b parts |X‘r million (p. 173). 

Arsenic Limit . — 2 parts jx^r million (p. 17b). 

Quantitative Estimation. — (1) When heated the salt melts at 
33® and losc's all its water of crystallisation at 100®, the loss in weight 
Ix^ing 55*0 {X'r cent. 

(2) The sulphate in the salt is estimated by precipitation as 
barium sulphate, the precipitate being collected, dried, and weighed. 

Weigh out about 0*5 to 1 gramme of the salt, and dissolve in 
about 2(K) mils of wat(*r in a largo lM*aker. Add a few drops of dilute 
hydrochloric acid, heat to boiling, and add, drop by drop, a slight 
excess of hot dilute barium chloride solution. Allow to stand for 
fifteen minutes, and decant the su|XTnatant li(juid through a filter. 
Transfer every trace of the precipitate to the filter by rept‘atedly 
rinsing the beaker with water, adhering particles being loosened by 
means of a rublx'r-tipix'd glass rod, the same Ixnng used as a guiding 
rod for transfiTring the liquor to the filtt*r. Finally wash the filter 
with warm wattT until the washings arc free from chloride (tested 
with silver nitrate), and dry the filter-pa|x*r and contents in a water- 
oven. 

Place the filter-paix*r and precipitate? in a weighed crucible, and 
ignite, very gently at first, and then to redness, until all the carbon 
from the filter-paper has burmd away. In order to reconvert any 
barium sulphide that may have been formed, by the reducing action 
of the carbon, into sulphate, add three or four drops of a mixture of 
concentrated sulphuric and nitric acids, and again ignite, (kx)! the 
crucible in a desiccator and weigh. liejx^at the ignition, again cool 
and weigh, and continue this procedure until the weight is constant : 

NajS 04 -H BaCl, = BaS 04 f 2NaCl, 

BaS 04 .= Na^S 04 , 10 H, 0 , 

233 grammes of BaS 04 S 3 322 grammes of Na^S 04 ,lOHgO. 


SODII NITRIS 

Sodium Nitrite, NaNO,. (Mol. Wt. 

This is required to contain not less than 05 per cent of Nai^Of. 
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Preparation.-- Sodium nitrite can be, made by strongly heating 
sodium nitrate : 

2NaN03=2NaN02 + 0,. 

In practice, however, the sodium nitrate is heated with metallic 
lead, which acts os a reducing agent : 

NaNOa + Pb =^NaN03 + PbO. 

The mass is allowed to cool, extracted with water, filtered, and the 
filtrate concentrated to crystallisation. 

Properties. — A white, deliquescent crystalline powder with a 
• saline taste. The commercial substance is often met with in the 
form of sticks. Soluble 1-1*5 in water ; slightly soluble in alcohol. 
It is decomposed by dilute acids with evolution of pale brown fumes, 
owing to the instability of the liberated nitrous acid. 

Tests for Impurities. Free Alkali. — ^The aqueous solution should 
be neutral, or only very slightly alkaline to litmus. 

Lead. — A concentrated aqueous solution should give no pre- 
cipitate of lead sulphate with dilute sulphuric acid. 

Arsenic Limit. — 5 parts per million (p. 176). 

Quantitative Estimation. — The salt is oxidised to nitrate by 
standard potassium permanganate solution in presence of sulphuric 
acid. It is not permissible to acidify the nitrite and titrate with 
the penuanganate, since the liberated nitrous acid would be de- 
composed with liberation of nitrogen peroxide before oxidation. 
The usual procedure, therefore, is to make a solution of the nitrite 
and run this from the burette into a known volume of warm standard 
potassium permanganate solution acidified with sulphuric acid. 
Weigh about 1 gramme of the nitrite, dissolve in cold water, and 
dilute to 250 mils. Fill a burette with this solution and slowly 
discharge into 20 mils of N/10 potassium permanganate, previously 
strongly acidified with dilute sulphuric acid and warmed to about 
50®, until the colour disappears : 

2NaNOg -f H JSO4 = Na3S04 + 2HNO2, 

2KMn04 + 5HNOg -h 3H3SO4 = K8SO4 + + 5HNO3 + 3H2O, 

2KMn04 = 5HNO3 = SNaNO*, 

316 =^345 grammes of NaNOj, 

1000 mils N/1 KMn04=s34*6 grammes of NaNO,, 

1 mil N/10 KMn04 = 0*00^5 gramme NaNOj. 


SODII PHOSPHAS 

Sodium Phosphate, NajHP0-,12H30. (Mol. Wt. «358) 

Syn. Disodium hyarogen phosphate 

l1BBf8^A5quired to contain 99*5 pereent of NajHP04,12H30. 
P|Sparatlon. — (1) Disodium hy<kogen phosphate can be made 
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by adding sodium carbonate to phosphoric acid solution until 
alkaline : * 

Na^CO, + H3PO4 -Na'aHPO^ + CO, -l- H,0. 

(2) It is manufactured from bone-ash by, firet, treating with 
sulphuric acid, when calcium sulphate is precipitated and acid 
calcium phosphate (p. 40) passes into solution : 

Ca3(P04), + 2H,S04 = 0a(H,P04), + 2CaS04, 

and then adding boiling water and filtering. The filtrate, on 
treatment with sodium carbonate, deposits mcalcium phosphate 
(p. 40), leaving disodium hydrogen phosphate in solution : 

Ca(H,P04), + Na/ O3 - Na,HP04 + (’aHP04 + CO, + H,0. 

The dicalcium phosphate is filtered off, and the filtrate, on 
concentrating and cooling, deposits crystals of disodium hydrogen 
phosphate. 

Properties. — fjarge colourless prisms, with a saline taste. 
Soluble 1-7 in water, the solution lx»ing very slightly alkaline to 
litmus. The crystals slowly effloresce in air, losing /i molecules of 
water of crystallisation. On heating, the salt loses the whole of 
its water of crystallisation, and on igniting becomes converted into 
sodium pyroi)hosphate : 

2Na,HP()4 = Na4P,07 + H,0. 

Tests for Impurities. Potassium.- -Apply the flame U^st, using an 
indigo prism. 

Ammonium. — Boil with sodium hydroxide, and test the evolved 
vapours with turmeric paper (p. 32). 

Carbonate. — There should be no effervescence with dilute acids. 

Sulphate. — A solution in hydroi'hloric acid should not give more 
than a slight turbidity with silver nitrate. 

Chlor^e. — A nitric acid solution of the salt should yield no 
opalescence with silver nitrate. 

Lead Limit. — 5 parts per million (p. 173). 

Arsenic Limit.— 5 parts per million (p. 176). 

Quantitative Estimation. — This dejamds uiK>n the fact that 
disodium hydrogen phosphate is alkaline to methyl orange, whereas 
sodium dihydrogen phosphate is neutral to this indicator (p. 42). 
Weigh about 5 grammes, dissolve, and dilute to 100 mils. Titrate 
portions of 20 mils with N/10 sulphuric acid, using methyl orange 
as indicator : 

H,S04 + 2Na,HP04,12H,0 = 2NaH,P04 + Na,S04 + 12H,0. 

98 a 716, 

1000 mils N/1 H,S04 = 358 grammes of Na.HP04,12H,0. 

1 mil N/10 H,SO4 s 0 0368 gramme of Na,HP04,12H,0. 

• 

Sodll Phosphas Effervescens. Effervescent Sodium — 

This is prepared by mixing together previously dehydrated 
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ffodiun phosphate, smliiim bicarbonate, tartaric acid, and citric acid, 
and heating the mixture on a water-bath until it has assumed a 
pasty consistency, when it is forced through a sieve of suitable mesh 
to produce granules of uniform size. The granules are then dried 
at a temperature not exceeding 56°. In the presence of a small 
quantity of water of crystallisation released from the citric add 
a small proportion of the milled acids reacts with a’* little of 
the bicarbonate with evolution of carbon dioxide, which' assists 
granulation. 

The total loss in weight is about one-seventh of the whole, so 
this iqust be allowed for in calculating the quantities necessary to 
• produce a definite amount « 


SODII PHOSPHAS ACIDUS 

Acid Sodium Phosphate, NaH 2 P 04 , 2 H 20 . (Mol. VVt. = 156.) 

Syns, Sodium dihydrogen phosphate ; Sodium hi phosphate 

This is required to contain not less than 70 per cent of NaH 2 P 04 , 
corresponding to about 91 per cent of the hydrated salt. The 
amount of waU^r of crystallisation is somewhat variable. 

Preparation. — Phosphoric acid is added to a hot solution of 
sodium carbonate until the solution is slightly acid to litmus, 
disodiurn hydrogen phosphate btung formed. A further and equal 
quantity of phosphoric acid is then added to form the sodium 
dihydrogen salt : 

H3PO4 -h Na.2C03 = Na2HP04 -h H2O f ( ’O2, 

Na 2 HP 04 + H3P()4 =: 2 NaH 2 P 04 . 

The solution is then concentrated, cooled, and allowed to 
crystallise. 

Properties. — (.^olourless, rhombic crystals, or in a crystalline 
powder, with a saline, acid taste. Soluble about 1-1 in water, the 
solution being acid to litmus. On heating to 100° the salt loses 
its water of crystallisation, at 250° it becomes converted into meta- 
phosphate, and on strong ignition it yields pyrophosphate (p. 39). 

Tests for Impurities. Potassium and Ammonium , — Test as 
under Sodii Phosphas. 

Sulphate and Chloride . — ^There should not be more than the 
slightest indications of these on testing as imder Sodii Phosphas. 

Lead Limit . — 5 parts per million (p. 173). 

Arsenic Limit . — 2 parts per million (p. 176). 

Quantitative Estimation. — It is estimated by conversion into 
the disodium salt by titration with alkali in presence of glycerin. 
The disodium hydrogen phosphate formed is slightly hydrolysed in 
aqqfijgig^olution, but the hydrolysis is prevented by the presence 
of the giytSBPin, a sharper end-point being obt€bincd Wei^ about 
10 grammes, dissolve, and dilute to 100 mils. Titrate portions of 
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20 mils, mixed with an equal volume of glycerin, with N/l^sodium 
hydroxide, using phenolphthalein as indicator : 

" NaOH + NaHjPO* * Na2HP04.+ H,0, 

40 "s 120. 

1000 mils N/1 NaOH s; 120 grammes of Na2HP04, 

I mil N/1 NaOH 0*1 20 gramme of Na^HPOi. 

SODII MYPOPHOSPHIS 

Sodium Hypojihosphite, NaH^PO,. (Mol. Wt. ===88) 

• 

This is reciuirtHi to contain not less than 07 per (‘ent of NaHgPOj 
when dried at 110®. 

Preparation. — Swliuni hypophosphite is the sodium salt of 
hyjwphosphorou.s a<-id, H3PO2, which is a monobasic acid although 
it contains three atoms of hydrogcm. When phosphonis is heated 
with milk of lime, a spontaneously inflammable mixture of phosphine 
and other phosphides of hydrogen is evolved, and a solution of 
calcium hy|K) phosphite is formed : 

8P f 3Ca(OH)2 + 6H2O -aCaCHgPOg)^ +2PHs. 

On the addition of the theoretical (piantity of sodium carbonate 
to the solution, (’aleium carlionate is preeipitat(‘d and is removed 
by filtration ; the fdtrate, containing sodium hyp>phosphite. is 
then carefully evaporated to dryness on a water-bath : 

(^(HgPOg).^ f Na2C03-2NaH2P()2 -i CaCOs. 

Properties. — White, deliquescent granules, with a bittcT, nauseous 
taste. iSoluble 1-1 in water, and 1-.*10 in alcohol (iM) |)cr cent) ; 
insoluble in ether. When heated, it evolves a spontaneously 
inflammable mixture of hydrogen, phosphine, and other phosphides 
of hydrogen : 

SNaHjPO, - Na4P,07 + NaPO, + 2PH3 + 2H2. 

It is a powerful , reducing agent, jireeipitating metallic gold, 
silver and mercury' from solutions of their salts, and reducing 
sulphurous acid to sulphur. On w'arming with copper sulphate 
solution, a red precipitate of cuprous hydride is obtained, and on 
boiling, hydrogen is evolved and copjx^r deix)sited : 

SHjPOj + 4CUSO4 + 6H,0 = 3H3PO4 + 4H2SO4 + 2Chi2H,. 

Tests for Impurities (to lie applied to the. aqueous solution). 
Copper, Iron, and Aluminium. — Test os described under Sodii 
Carbonas. 

Zinc. — Add ammonium chloride, ammonium hydroxide, and 
ammonium sulphide. There should be no white precipitate. 

Calcium. — Test as under Sodii Carbonas. 

Magnesium. — ^There should be no precipitate wi^]^gimv2Anium 
hydroxide and sodium phosphate, even on standing. 

Potassium. — Apply the name test, using an indigo prism. 
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Ammonium.— ]io\\ with sodium hydroxide, and test the evolved 
vapours with turmeric paper. 

Carbonate .— should bo no distinct effervescence with 
mineral acids. • 

Sulphate and Chloride . — Test as under Sodii Carbonas. 

Lead Limit . — 10 parts per million (p. 173). 

Arsenic Limit . — 6 parts per million (p. 176). 

Quantitative Estimation. — (l)*lt should lose not more than 
2 iKsr cent of its weight when carefully dried at 1 10°. 

(2) The salt is estimated by oxidation in acid solution with 
excess of standard y)otassium dichromate, the excess being detcr- 
« mined by addition of potassium iodide, and titration of the liberated 
iodine with standard sodium thiosulphate solution : 

(i.) 2NaH2P02 -f H2SO4 = Na2S04 + 2H3PO2. 

(ii.) 2KaCJr207 + 3H3PO2 + 8H2SO4 

-2K2SO4 + 2Cr2(S()4)3 4- 3 HsP04 + SH^O. 

As the salt may contain some phosphite, which is also a reducing 
agent, this must first be removed by precipitation as lead phosphite, 
the soluble lead hypophosphite remaining in solution. Weigh about 
2*5 grammes of the dried salt, dissolve in about 50 mils of water, 
add about 6 mils of 10 per cent lead acetate solution, and dilute 
to 100 mils. Shake well, and filter through a double filter. To 
20 mils of the filtrate add 40 mils of N/1 potassium dichromate, 
acidify with dilute sulphuric acid, heat on a water-bath for one 
hour, cool, and dilute to 260 mils. To 20 mils of this solution — 
corresponding to 0‘04 gramme of the hypophosphite and 3*2 mils 
of N/1 or 32 mils of N/IO dichromate — ada 2 grammes of potassium 
iodiae, and then titrate the liberated iodine with N/10 sodium 
thiosulphate solution, using starch mucilage as indicator. 

One volume of N/IO thiosulphate is equivalent to the iodine 
liberated by one volume of N/IO potassium dichromate ; therefore, 
subtract the volume of N/10 thiosulphate required from 32 (vide 
supra), when the result will Ikj the volume of N/10 dichromate 
equivalent to 0*04 gramme of the hypophosphite : 

2K2Crg07s3NaHjP02 (from equations (i.) and (ii.)), 
2 x 294 s3x88, < 

QQ 

1000 mils N/1 KaCra07-^-22 grammes NaHjPO*, 

1 mil N/10 KjOaO^sO 0022 gramme NaHjPO*. 


SODII ARSENAS ANHYDROSUS 

Anhydrous Sodium Arsenate, NagHAs04. (Mol. Wt. = 186) 

This is required to contain not less than 98 per cent of Na2HA804. 
P rypara tian. — This salt is obtained by exsiccating crystalline 
8odi\ffff*9i'i^u«ie by heating to a temperature of 160°. The crystal- 
line s^lt may be produced by finely powdering and mixing arsenious 
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oxide 10 parts, sodium n|^trate 8*5 parts, and exsiccated sodium 
carbonate 5*5 parts. The mixture is transferred to a crucible, 
and heated to redness until gases are no longer evolved and it is 
completely tused. The liquid mass is poured out on to a slab and 
allowed to solidify ; then, while still warm, it is mixed with 35 
parts of boiling water, with constant stirring, the liquid filtered 
and set aside to crystallise. The ci^'stals are drained, dried between 
filter paper on a porous plate and transferred to a stoppered bottle 
as quicluy as possible. If the anhydrous salt is required the solu- 
tion may be evaix)rated in a tared dish on a sand-bath and the 
residue heated at a temix?rature not exceeding 150® until the weight 
is constant. * 

The sodium nitrate oxidises the arsenious oxide to arsenic oxide, 
which then reacts with the sodium carbonate to producA^ sodium 
arsenate. By action of heat, however, this is converted into pyro- 
arsenatc, so that the reaction may be represented by the following 
equation : 

AsjOa + NajCOa + 2NaN03 = + CO, + N 3 O 3 . 

When boiled with water, the pyroarsenate is converted into disodium 
hydrogen arsenate, thus : 

Na4A830, +H,0 -2Na3HA804. 

Properties. — A white powder, soluble 1-6 in water, the solution 
being alkaline to litmus ; slightly soluble in alcohol (90 per cent). 
The addition of magnesium ammonio-sulphate solution (p. 40), 
or of nitric acid and ammonium molybdate solution to the aqueous 
solution of sodium arsenate, produces in the former case a white 
crystalline precipitate, and in the latter case a yellow precipitate, 
similar to those yielded by disodium hydrogen phosphate with 
these reagents, but silver nitrate, in neutral solution, gives a reddish- 
brown precipitate with the arsenate, and a yellow precipitate with 
the phosphate. 

Tests for Impurities. Lead, — To the aqueous solution add 
ammonium hydroxide, potassium cyanide, and a drop of sodium 
sulphide solution. There should be no dark coloration. Under 
the conditiqps of the test, sodium arsenate gives no precipitate of 
arsenious sulphide, so that there is no interference. 

Copper , — Add ammonium hydroxide to the aqueous solution 
and filter if necessary. The filtrate should have no blue tinge, 
and should give no brown coloration on acidifying with acetic 
acid and adding potassium ferrocyanide. 

Before testing the salt for the remaim’ng metallic impurities, 
dissolve in a little dilute hydrochloric acid and dilute with 
water. Pass sulphur dioxide to reduce the arsenate to arsenite. 
Boil off the excess of sulphur dioxide and pass hydrogen sulphide 
to precipitate the arsenic, with any lead or copper , ^taking jgare 
that precipitation is complete. Filter, boil, and teJiF iWlDteate 
for the following metallic impurities : 
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Iron, Aluminium, and Test as described under 

Sodii Carbonas. 

Carbonate . — The dry salt should not effervesce with dilute acids. 

Sulphate and Chloride . — There should be no indication of these 
when a solution of the salt is t!ested as under Sodii Carbonas. 

Nitrate . — Apply the brown ring test to the aqueous solution 
(p. 35). , 

Quantitative Estimation. (1) Limit of Moisture . — It should lose 
not more than 2 per eent of its weight when dried at 150°. 

(2) The volumetric estimation consists in titrating with standard 
thiosulphate solution the iodine liberated from potassium iodide 
* in strongly acid solution by the oxidising action of the arsenate. 
Weigh about 1 gramme, dissolve, and dilute to 100 mils. To 
portions of 20 mils add about 20 mils of strong hydrochloric acid, 
and about 2*5 grammes of potassium iodide. After allowing to 
stand for 10 minutes (in order that the liberation of iodine may be 
complete), titrate with N/10 sodium thiosulphate solution until 
eolourless. Starch mucilage cannot bo employed as indicator, owing 
to the presence of the concentrated acid : 

2Na2HAs()4 + 4HC1 - As^ + 4NaCl + m^O, 

KT + H(n=Ka + HI, 

AsA + 4HI - AsjOa + 2H2() + 21^. 

2Na2S203 + Ij = NajSA + 2NaI, 

2NajSa03,5Ha0 = I^ = Na^H ASO 4 , 

2 X 248 ~ 18(i grammes of NugH A8O4, 

1000 mils of N/1 Na2S203,5H20 93 grammes of Na2HA804, 

1 mil N/10 Na2S2^V>H20 = 0*0093 gramme of Na2HAs04. 

Liquor Sodii Arsenatls. Solution of Sodium Arsenate . — A simple 
1 per cent w/v solution of anhydrous sodium arsenate. The 
anhydrous salt is used on account of the varying amount of water 
of crystallisation which the salt is liable to contain according to 
whether it is crystallised from hot solutions or cold. In the former 
case it crystallises with seven molecules of water, and in the latter 
case with twelve. Also, as there is a tendency for the salt with the 
higher amount of w'ator to effloresce and become converted into 
that with the lower, it is evident that, were the crystalline salt 
permitted to be used, variation in the actual quantity of sodium 
arsenate in different samples of the solution might occur. 


SODII ET POTASSII TARTRAS 

Sodium Potassium Tartrate, NaKC4H402,4H20. (Mol. Wt. «282) 
Syns. Rochelle Salt, Tartarated Soda 

iiiis IS required to contain not less than 08 per cent of 
NaKC4H40e,4H20. 
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Preparation. — ^The salt ts prepared by gradually adding two 
molecular proportions of finely powdered potassium hydrogen 
tartrate to a hot solution of one molecular proportion of sodium . 
carbonate : * 

2K HC 4 H 4 O, + NajCOa - 2NaKC4H404 + H,0 + COj. 

The liquid is then filtered, and eva|X)rated to crystallisation. 

Properties. — Colourless, prismatic crystals, or a white crystalline 
powder, with a cooling, saline taste. Soluble 1 -1 *5 in water forming 
a neutral solution. On heating, it chars, evolving infiammable 
vapours and leaving a residue of sodium and potassium carbceiates. 

Tests for Impurities. — Ignite the salt, (extract the n^sidue with 
dilute hydrochloric acid, and filter. Test the filtrate for the metallic 
impurities. 

Copper, Iron, and Calcium. — Test as under Sodii Carbonas. 

/imfwoniww.— Boil some of the sodium potassium tartrate with 
sodium hydroxide, and test the evolved vapours with turmeric 
paper. 

Chloride ami Sulphate. — There should bo no indication of these 
when a solution of the salt is U^sted as under Sodii Carbonas. 

Lead Limit. — 20 parts jx»r million (p. 173). 

Arsenic Limit. —2 parts million (p. 170). 

Quantitative Estimation. — This salt is estimated by ignition, 
and titration of the alkaline residue in a manner similar to that 
describt'd under Potassii Acetas, em])loying the same quantity of 
salt : 

2NaK(J4H4()e 

2H JSO4 + KjCOa + NajtJOa - + Na2S04 + 2Ci\ + 2H2O, 

H2SO4- NaK(\H40e,4H.20, 

9S s 2H2 

1000 mils N/1 112804= 141 grammes of NaK(’4H40„,4Hj0, 

1 mil N/10 H2S04 = 0 0141 gramme of NaK(.^4H404,4Hj0. 

Pulvls Sodse Tartaratm Effervescens. Seidlitz Powder. — Effer- 
vescent tartarated soda powder contains in No. 1 jKiwd t (blue 
paper) sodium potassium tartrat*, 7*.'> grammes, and s(^ium 
bicarbonate, 2-.'5 grammes. No. 2 jmwder (white pajKT) consists 
of tartaric acid, 2*5 grammes. The No. I powder is dissolved in 
cold or warm water, and No. 2 added, the liejuid being taken during 
effervescence. The quantity of tartaric* acid is sufficient to neutralise 
the bicarbonate and leave the solution slightly ac;id. 


SODII BENZOAS 

Sodium Benzoate, CeHg.COONa. (Mol. Wt. = 144)^ ^ 

This is required to contain not less than 96 per cent of 
C^Hj.COONa. 
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Preparation.— To a hot, concentrated solution of benzoic acid 
(p, 359) sodium carbonate .is ^adually added until effervescence 
ceases. The salt is obtained either by crystallisation, or by cautious 
evaporation to dryness, and granulation : 


2CeH5 . COOH + Na^COg = 2C«H5 . COONa + COj + HjO. 

Properties. — A white, crystalKne or granular amorphous powder 
with a sweetish, astringent taste, odourless, or having a faint odour 
of benzoin. Soluble 1-2 in water and 1-24 in alcohol, the aqueous 
solution being slightly alkaline to litmus. A cold, concentrated, 
, aqueotis solution, on treatment with dilute hydrochloric acid, yields 
a white crystalline precipitate of benzoic acid. When heated, the 
salt fuses and then decomposes, with evolution of inflammable 
vapours having an odour of benzoic acid, and leaves on ignition a 
residue of sodium carbonate and carbon. 

Teats for Impurities (to bo applied to the aqueous solution). 
Copper and /ron.—Test as described under Sodii Carbonas. 

PokLsaium.—XppXy the flame test to the dry salt, using an indigo 
prism. ^ 

Carbonate . — There should be no effervescence on the addition of 
dilute acid. 

Sulphate arui Chloride . — Add dilute nitric acid to the aqueous 
solution, filter from the precipitated benzoic acid, and tc'st the 
filtrate as described under Sodii Carbonas. 

Lead Limit . — 10 parts per million (p. 173). 

Arsenic Limit . — 2 parts per million (p. 176). 

Quantitative Estimation. — The salt is estimated by ignition, and 
titration of the alkaline residue as described under Potassii Acetas, 
using the same quantity : 


w « ^NajCOg, 

HjjSO* + NajCOg = Na,S 04 + CO, + 

H,S04 = 20eH5. COONa, 

98 = 2x144, 

1000 mils N/i HaS04 = 144 grammes of C^Hg . COONa, 

I mil N/10 H2SO4SO OI44 gramme of CjHg . COONa. 


SODII SALICYLAS 

Sodium Salicylate, C4H4(OH)COONa. (Mol. Wt. - ICO) 

This is required to contain not less than 99*6 per cent of 
C,H4(OH)COONa. 

Preparation. — A weighed amount of salicylic acid — ^natural or 
®}^lihetic (p^ 364) — is made into a paste with water, and slightly less 
thaff tkiPMaftretical quantity of pure sodium bicarbonate added : 

(5,H4(0H)C00H + NaHCO, «=C.H.(OH)COONa -h CO, + H,0. 
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The solution of sodium salicylate so obtained is heated to expel 
carbon dioxide, strained if necessary, carefully evaporated to dryness 
at a low temperature, and the piquet purified by crystallisation 
from alcohol. • 

It is essential that the materials be very pure, and it is advisable 
to strain the solution through the finest muslin, rather than filter 
it through filter-paper, since the slightest trace of iron results in a 
discoloured product. 

Properties. — If prepared from the natural acid it occurs as white 
pearly scales, or a white amorphous powder having a slight buff or 
pink tinge, and, ]K)8sibly, an odour of methyl salicylate (p! 365). ^ , 
When prepared from the svnthetic acid, however, it is free from 
colour and odour. Soluble 1-1 in water and 1-6 in alcohol (90 per 
cent). The aqueous solution is neutral or faintly acid to litmus, 
and, if sufficiently concentrated, yields on treatment with dilute 
mineral acids a white crystalline orecipitate of salicylic acid. When 
the aqueous solution is mixed witn a solution of sodium or potassium 
bicarbonates, or ammonium carbonate, a reddish-brown precipitate 
is produced in course of time, unless the salt is exceptionally pure. 

In dis]X‘nsing, 1 grain of sodium bisulphite add^ to an 8-oz. mixture 
will retard tnis change, but the prescriber’s sanction must of course 
be obtained. A saturatt'd aqueous solution of sodium salicylate,* 
on standing, may deposit crystals containing 6 molecules of water. 

On heating, sodium salicylate chars, evolving inflammable vapours 
and an odour of phenol, and on ignition a residue of sodium carbonate 
and earlnm remaias. 

Tests for Impurities, ('arbonates. salt should not lx 

alkaline to litmus, and should not effervesco on treatment with 
dilute acids. 

Sulphate and Chloride. - - Acidify a concentrated aoucous solution 
with dilute nitric acid and filter from the precipitated salicylic acid. 

On diluting and testing separate portions of the filtrate with barium 
chloride and silver nitrate, there should not be more than the 
slightest turbidity or opalescence in eithc*r case. 

Readily Carbonisefl Organic ImpuritivJi. It should dissolve with- 
out coloration in concentrated sulphuric acid. 

Free Phenol. —When the concentrated afjueous solution is shaken 
with an equal volume of ether and the ethereal layer is separatc^l 
and allowed to evaporate spontaneously, tht^ residue should Ikj free 
from any odour of phenol (8(iuire). 

The Pharmacopoeia states that 50 to 100 grammes kept in a 
closed vessel for several days should not evolve the slightest odour 
of phenol. 

Lead lAmit . — 10 parts per million (p. 173). 

Arsenic Limit.— ^2 parts per million (p. 176). 

Quantitative Estimation. — It is estimated by ignition and titra- 
tion of the alkaline residue as described under PotasHik^aatas,H>ut 
employing about 2 grammes of the salt : 
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2 C,H 4 (OH)COONa — >Na,CO^ 

H,S04 + NajCOj = Na^04 + CO, + H,0, 

H,S 04 a 2C4H4(OH)COONa, 

08 = 2 X 160 

1000 milM N/1 H,S 04 = 100 grammes of CcH 4 (OH)COONa, 

1 mil N/10 H,S 04-0 0160 gramme of C,H 4 (OH)COONa. 


COMPOUNDS OF LITHIUM 
t Li (Atomic Wt. =7) 

The saltH of litiiium are similar in general chemical properties 
to those of sodium and potassium. They are not so commonly 
employed in pharmacy, since, although lithium compounds are 
widely distributed in Nature, they are found in comparatively 
small quantities, and are therefore expensive. The chief source of 
lithium compounds is the mineral lepidolite, which has the com- 
position 41JF,K20,3Al2()3,9Si02. The principal use of lithium 
salts in medicine is based upon the supposed removal of uric acid 
from the system as a readily soluble urate ; but, in the presence of 
sodium and potassium salts, the less soluble urates of these metals 
are formed, so that the efficacy of lithium salts in this connection 
is doubtful. 

General Tests (or Lithium. — (1) Uthium salts impart a crimson 
colour to the bunsen flame. 

(2) Sodium carbonate yields with very concentrated solutions 
of lithium salts a white, precipitate of lithium carbonate. 

(3) Sodium phosphate, added to a fairly dilute solution of a 
lithium salt, produces no precipitate ; but on adding excess of 
sodium hydroxide, and boiling, a white precipitate is produced 
(distinction from magnesium). 


LITHII CARBONAS 

lithium Carbonate, (Mol. Wt. =74) 

This is required to contain not less than 98*5 per cent of Li^COj. 

Preparation. — Lithium carbonate may be prepared from lepi- 
dolite by fusing the mineral at a very high temperature with 
potassium sulphate, barium sulphate, and barium carbonate. The 
upper layer of the fused mass comprises potassium and lithium 
sulphates, w’hich, after cooling, are extracted with water. From 
the solution, lithium carbonate is precipitated by the addition of 
ammonium carbonate. 

Properties. — It occurs as a light, white, amorphous powder, or 
in erystijy^Qg grains, with a slightly alkaline taste. Soluole 1-80 in 
water, the souition being alkaline to litmus ; insoluble in alcohol 
(90\)er cent). 
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Tests for Impurities (tQ be applied to the solution in dilute 
hydrochloric acid). Copper, — ^Add ammonium hydroxide in excess, 
and filter if necessary. The filtrate should have no blue tinge, 
and should give.no brown coloration on acidifying with acetic 
acid and add^g potassium ferrocyanidc. 

Iron.— Add dilute nitric acid and potassium ferrocyanide. No 
blue or green colour should be produced. 

Aluminium. — Add dilute nitric acid and boil, then add excess 
of sodium hydroxide, filter off any precipitate of ferric hydroxide, 
add excess of ammonium chloride to the filtrate, and again boil. 
No flocculent white precipitate should lx* produced. , 

Zinc. — Add ammonium chloride and ammonium hydroxide in • 
excess, then pass hydrogen sulphide, when there should be no 
precipitate. 

Calcium. — Add ammonium chloride and ammonium hydroxide 
in excess, followed by ammonium oxalate. There should be not 
more than the slightest jirecipitate. 

Magnesium. — Add excess of ammonium hydroxide, and then 
add sodium phosphate. There should be no precipitate, even on 
shaking and allowing to stand. 

tSulphate. — There should not be more than a slight turbidity on 
testing with barium chloride. 

Chloride. — A solution of lithium carbonate in dilute^ nitric acid 
should yield no opalescence with silver nitrate. 

Lecul Limit. — 10 parts per million (p. 173). 

Arsenic Limit. parts per million (]>. 176). 

Quantitative Estimation.- — Lithium earbonahi is estimated by 
neutralisation with standard sulphuric acid. VWigh about I 
gramme, sus]K‘nd in about 50 mils of wat<*r, and titrate with N/l 
sulphuric acid, very slowly, and with constant agitation, using 
methyl orange as indicator : 

H2SO4 + UjlUa - + (.’Ojj f Hj.0, 

98 -rj 74, 

1000 mils N/l 112804;= 37 grammes of 

I mil N/I H2SO4- ()'037 gramme of lagOOg. 


LITHIl CITRAS 

Lithium Citrate, Li3CeH502,4H,0. (Mol. Wt. -282) 

This is required to contain not less than 98-5 ijer cent of Li.C-H.O„ 
4H,0. » 6 • 7. 

Preparation. — A solution of citric acid is neutralised with lithium 
carbonate, boiled, filtered, and concentrated to crystallisation : 

2HsC,H 502 + 3Li2C03 = 2IJ,C4 Hj02 + 3CO, + 3H/). 

Properties.— Small, colourless, deliquescent crystJfflff^ with a 
saliae taste. Soluble 1-2 in water. On beating, it loses three 
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molecules of water at 100°, and become^ completely dehydrated at 
160°. At a red heat it chars, evolving inflammable vapours with 
a pungent odour, and leaving a residue of lithium carbonate and 
carbon. 

Tests for Impurities.— This salt should be free from the im- 
purities mentioned under Lithii Carbonas. The tests for metallic 
impurities should be applied to a solution obtained by igniting the 
salt, extracting the residue with dilute hydrochloric acid, and 
filtering. The tests for the non-metallic impurities may be applied 
to the aqueous solution. 

Limit . — 5 parts per million (p. 173). 

Arsenic Limit . — 2 parts per million (p. 176). 

Quantitative Estimation. — It is estimated by ignition and 
titration of the alkaline residue, as described under Potassii Acetas, 
using the same quantity of salt. If it be ignited at too high a 
temperature, part of the carbonate may be decomposed with 
formation of the oxide. This will not, however, affect the result, 
since the lithium oxide produced will neutralise the same amount 
of acid as would the carbonate : 

2Li3C,H507— >30^^03, 

H3SO4 + U2CO3 = + CO2 + H3O, 

3 H 3 SO 4 s 2U3CeH507,4H2(), 

3x98s2x282, 

1000 mils N/l HaS04s94 grammes of li3C3H507,4H20, 

1 mil N/IO H2SO4 = 0*0094 gramme of Li3C3H507,4H20. 

Lithii CItras Effervescens. Effervescent Lithium Citrate. — A 
mixture of lithium citrate, citric acid, tartaric acid, and sodium 
bicarbonate is heated on a water-bath, and the pasty mass forced 
through a sieve to produce gi’anules of uniform size, the product 
being dried below 55° (see Sodii Phosphas Effervescens). 

COMPOUNDS OF AMMONIUM 

Ammonium salts are derived from ammonium hydroxide, which 
is formed when ammonia gas is dissolved in water : 

NH3 + H2O-NH4OH. 

The radicle ammonium, NH4- , behaves like a univalent metal, 
and the ammonium salts, being similar in chemical properties to 
the salts of the alkali metals, may be considered conveniently here. 
The ammonium salts in general differ from the salts of the alkali 
metals in being readily volatilised by heat, and in being appreciably 
hydrolysed in aqueous solution. 

Ammonium compounds are obtained from two principal sources : 

(1) From the “ ammoniacal liquor ” of the gas works (p. 32). 

..(2) From atmospheric nitrogen. 

Nitoo^ii can be '' fixed ” as ammonia in several ways, some of 
which are patented or secret processes. In one process, a mixture 
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of lime and coke is heated ip an electric furnace in an atmosphere 
of nitrogen, when calcium cyanamide is produced : 

CaO + 2C + Nj = CaN . ON + CO. 

Calcium 

cyanamide. 

Ammonia may be obtained from this by heating with water under 
pressure : 

CaN . CN + SHjO = CaCO^ + 2NH3. 

A more direct method of obtaining ammonia is that of Haber, 
in which atmospheric nitrogen is made to combine with hydrogen 
by passing the mixed gases over suitable catalysts, for example, 
metallic iron, at a high temperature : 

N2 + 3 H 2 = 2NH3. 

Ammonia prepared by any of these methods can lx* converted 
into ammonium salts by neutralisation with acids. 

The chief commercial salt of ammonium is the sulphate, 
(NH4)2S04, which is manufactured by absorbing in sulphuric acid 
the gas liberated from ammoniacal gas liquor. 

General Tests for Ammonium. — ( 1 ) On heating, ammonium 
salts volatilise, leaving no residue. 

( 2 ) When heated with alkalies, ammonium salts or their solutions 
pvolve ammonia gas, which may be recognised by its odour and its 
action on turmeric {mpor (p. 32 ). 

( 3 ) A concentrated solution of an ammonium salt yields with 
tartaric acid a crystalline precipitate of sparingly soluble ammonium 
hydrogen tartrate, NH4HC4H4O4. 


AMMONII CARBONAS 


Ammonium Carbonate. Unofficial Syn. Sal Volatile 


This is a variable mixture of ammonium hydrogen carbonate, 
NH4HCO3, and ammonium carbamate, NH4NHj(X)2 (p. 310 ), and is 
required to contain 30*6 per cent of ammonia, calculated as NH3. 

Preparation. — ^This substance is prepared by heating an am- 
monium salt with calcium carbonate and collecting the resulting 
sublimate. In practice, ammonium sulphate is most commonly 
used on account of its cheapness. The first reaction may l)e regarded 
as a case of simple double decomixisition, normal ammonium 
carbonate being produced : 


(NH4),S04 + CaCOj = CaS04 (NH4),CO,. 

But normal ammonium carbonate is a very unstable sul^tanoe 
when, not in solution, and decomposes with loss of a*^*”''*"*" “"d 
water, thus ; 


(NH 4 ),C 0 , 

(NH4)2C0, 


= NH4HC0, + NH3, 

= NH 4 NH,C 0 , + H, 0 . 
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Two moleculefl yield one molecule ofc ammonium hydrogen car- 
bonate and one of ammonium carbamate. The product is purified 
by resublimation with a small quantity of water. 

Properties. — Translucent masses with a striated appearance and 
an ammoniacal odour and taste. Soluble 1-4 in water, 1-200 in 
alcohol (90 per cent). The aqueous solution is alkaline to litmus 
and contains normal carbonate^oiving to the combination of water 
with the carbamate. Alcohol dissolves the carbamate readily, 
the hydrogen carbonate being much less soluble. Hot water 
decomposes ammonium carbonate with evolution of ammonia and 
carbqn dioxide, so that when a solution is required it should be made 
in cold water. On exposure to air, the substance slowly loses 
ammonia and carbon dioxide, leaving an opaque coating of am- 
monium hydrogen carbonate which must be scraped off before use 
in dispensing. When heated, it sublimes completely. 

Tests lor Impurities. Sulphate . — A solution in excess of dilute 
nitric acid should yield not more than a slight turbidity with barium 
chloride. 

Chloride.- "k similar solution should yield not more than a 
faint opalescence \yith silver nitrate. 

Tarry Matter . — The aqueous solution, neutralised with a mineral 
acid, and evaporated to dryness, should leave a colourless and 
odourless residue. 

Lead Limit . — 5 parts per million (p. 173). 

Arsenic Limit . — 2 parts per million (p. 176). 

Quantitative Estimation. — The substance is estimat'd b}' neutral- 
isation with normal sulphuric acid, the strength being calculated in 
terms of ammonia, NHg. Weigh about 4 grammes, dissolve in cold 
water, dilute to 100 mils, and titrate portions of 20 mils with N/1 
sulphuric acid, using methyl orange as indicator. The following 
reactions occur : 


NH4NH2(X)2 + H./) = 

the normal carbonate being then neutralised, thus : 

(NH 4 ),C 03 + HaS 04 = (NH 4 ) 3 S 04 + CO^ + H^O. 

The ammonium hydrogen carbonate in the substance is neutral- 
ised according to the equation : 

2NH4HCO3 + H,S04 = (NH4)3S04 + 2H2O + 2CO2. 

The calculation may be based upon the equation : 

H3SO4 + 2NH3 - (NH4)3S04, 

98 = 2 X 17 

1000 mils N/1 17 grammes of NH,. 

1 mil N/1 H,S04=0 017 gramme of NH,. 
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SPIRITUS AftMONliE AROMATICUS 


Aromatic Spirit of Ammonia. Si^n. Spirit of Sal Volatile. 

• 

Preparation. — Oils of lemon and nutmeg are placed in a retort 
and distilled with alcohol. The first portion of the distillate, a 
strongly alcoholic solution of the oils, is reserved ; a second, much 
smaller and largely aqueous, portion is then collected separately, 
placed in a securely stoppered bottle, together with solution of 
ammonia and ammonium carbonate, and warmed in a water»bath 
at 60° until the solid has dissolved. The contents of the bottle are 
then strained through cotton-wool, and added gradually to the 
alcoholic solution of the oils first distilled. 

It might bo thought that it would suffice to dissolve the oils in 
the alcohol without distillation, but such a procedure results in a 
product liable to rapid discoloration by oxidation and action of the 
alkali on the oils. 

Quantitative Estimations.— (1) The first test is for total ammonia 
by titration with N/1 H2SO4, using methyl orange as indicator, 
and requires no comment except that it is advisable to add a known 
excess of acid and back-titrate with N/1 sodium hydroxide to 
obtain accurate^ results (p. 33). 

(2) The 8ccc)nd test Ls for the amount of ammonium hydrogen 
carbonate and ammonium carbamate present, calculated together 
as NH4HC()3,NH4NH2CX)2, as, should this substance have been 
omitted and ammonium hydroxide substituU'd, there would be no 
indication from a simple titration, a*^ in tin* first test. Dilute 
20 mils of the spirit and mix with excess of barium chloride solution, 
heating the mixture to 70° in order to render granular the precipitate 
of barium carbonate which is formed, (’olleet the pn*cipitate on a 
filter, wa.sh until free from ammonia, and dissolve in 20 mils of N/1 
hydrochloric acid. After boiling (t-o drive oil carbon dioxide) and 
cooling, determine the amount of acid used by titration of the 
excess with N/1 sodium hydroxide, using methyl orange as indicator : 


NH 4 H(; 03 ,NH 4 NH 2 r ()2 f N H4f)H - 2(NH4),(X)3, 

2(NH,),(:<), + 2BaCl, ^BaCO, +4NH4a. 

2 BaC 03 +4H('l =2Ba(1, + 2(X),+2H,0, 
4Ha:s2BaCO,^ xNH4HCO,.NH4NH,CO„ 

4 X 1000 mils N/l HCl - ISV O grammes of 

NH,HC0,.NH4NH,C0,. 
1 rail N71 HCI-0 ()3!*2 gramme of 

NH4HC0„NH4NH,C0,. 


Splrltus Ammonite Fetidus. Fetid Spirit of Amt^nia . — ^Thia is 
prepared by maceration of the olco-gum-rcsin aaafetida for twent}^ 
four hours in alcohol in order to dissolve out the volatile oil, follows 
by distillation on a water-bath. The distillate is adjt^]^^ toJihe 
required volume by the addition of Strong Solution oFAmmonia 
and alcohol. * 
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QuarUitative Esiimatum— The spirifc is required to contain not 
less than 2*72 grammes of ammonia, NH3, in 100 mils. Add 
40 mils of N/1 sulphuric acid to 10 mils of the spirit and determine 
the quantity used by titrating the excess with N/1 "sodium hydroxide, 
using methyl orange as indicator (p. 33). 


AMMONII* CHLORIDUM 

Ammonium Chloride, NH4CI. (Mol. Wt. ==53*5) 

Preparation. — This may be prepared by neutralising ammonium 
hydroxide with hydrochloric acid and evaporating to dryness. It 
is manufactured from ammoniacal liquor (p. 32) by this method : 

NH3 + HCl =NH4C1. 

The product, which forms tough, fibrous, crystalline masses, and 
which is commonly called sal ammoniaCy is purified for pharma- 
ceutical purposes by sublimation from iron vessels. 

Properties. — A colourless, odourless, crystalline powder with a 
saline twte. Soluble 1-3 in water, 1-60 in aleohol (90 per cent). 
On heating it volatilises completely, and can be recovered unchanged 
as a sublimate. 

Tests for Impurities (to be applied to the aqueous solution). 
Copper . — Add excess of ammonium hydroxide and filter from any 
precipitate. The filtrate should have no blue tinge, and should 
give no brown coloration on acidifying with acetic acid and adding 
potassium ferrocyanide. 

Iron . — There should be not more than the slightest blue or green 
coloration on the addition of nitric acid and potassium ferrocyanide. 

Carbonate . — ^There should be no precipitate on the addition of 
calcium chloride solution. 

Sulphate. — Acidify with hydrochloric acid and add barium 
chloride. There should not bo more than a slight turbidity. 

Nitrate . — Apply the brown ring test (p. 35). 

Lead Limit . parts per million (p. 173). 

Arsenic JAmit.-^ parts per million (p. 176). 


AMMONII BROMIDUM 

Ammonium Bromide, NH4Br. (Mol. Wt. =98) 

When dried at 100° this is required to contain not less than 
98 per cent of NH4Br. 

Preparation. — (1) The salt may be prepared by neutralising a 
.solution of hydrobromic acid with ammonium hydroxide and 
evaporating to crystallisation : 

^ HBr+NH 40 H=NH 4 Br + H 30 . 

"(2) It is manufactured by the action of ammonium carbonate 
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on iron bromide in a manned similar to that described under Potasaii 
Bromidum. 

Propertles.—Uolourless crystals, or a white crystalline powder, 
with a saline, sohiewhat pungent taste. Soluble M-5 in water,' 
1-13 in alcohol (90 per cent). On heating it volatilises. 

Tests for Impurities (to bo applied to the aqueous solution). 
Iron . — Acidify with nitric acid and test with potassium ferro- 
cyanide, when there should be no blue or green coloration. 

Sulphate . — Acidify with hydrochloric acid and test with barium 
chloride. There should lx* no more than a slight turbidity. 

Brormte. — (1) Add silver nitrate in excess, boil, and filter No 
crystalline precipitate of silver bromatc should be deposited from 
the filtrate when allowed to stand until cold. (2) Add to the solu- 
tion of the salt, potassium iodide, some starch mucilage, and a few 
drops of dilute sulphuric acid. There should be no blue colour. 

Iodide . — Add to the aqueous solution dilute sulphuric acid, a 
crystal of sodium nitrite, and some starch mucilage. There should 
be no blue colour. 

Nitrate . — Add dilute sulphuric acid, starch mucilage, and 
{sitassium iodide ; then add a scrap of zinc. There should bo no 
blue colour. 

Non-volatile Solids . — The dry salt should volatilise completely 
on ignition. 

Lead Limit . — 10 parts per million (p. 173). 

Arsenic Limit . — 5 parts per miibon (p. 176). 

Quantitative Estimation. — (1) The salt should lose not more 
than 1 per cent of its weight when dried at 100®. 

(2) The volumetric estimation is based upon the precipitation 
of the bromide as silver salt, potassium chromate being used as 
indicator (see Potassii Bromidum).^ Weigh about 1 CTammo, 
dissolve, and dilute to 100 mils. To portions of 20 mils add a few 
<lro]i)8 of potassium chromate solution, and titrate with N/10 silver 
nitrate solution until a permanent red precipitate is produced : 

AgNOg + NH^Br = AgBr + NH 4 N() 3 , 

170 = 98 

1000 mils N/l AgN03::H98 grammes of NHiBr, 

1 mil N/10 AgNOjS 0*0098 gramme of NH 4 Br. 


LIQUOR AMMONII ACETATIS 

Solution of Ammonium Acetate 

Ammonium acetate is an unstable salt, and is therefore included 
in the Pharmacopooia only in the form of its solution. 

^ The Pharmacopoeia states that 0*5 gramme of tho dried Mlt requires 
complete precipitation not loss than 50-5 and not more Vtaai' 5V5 mUa 
of N/10 silver nitrate. A hiahor titration value would indicate the presmoe 
of an undue proportion of chloride as impurity. ^ 
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Preparation.— Acetic acid, 162*5 paits, is diluted 'with 500 pcff ts 
of water and neutralised with ammonium carbonate, according to 
the equation : 


NH4HC03,NH4NHjC0j + 3CH3 . COOH = 


3CH3 . COONH. + 2CO3 + H.O. 


The acid requires more carbonate than the quantity suggested in 
the Fharmacoposia. It is not possible to determine the point of 
neutrality by means of litmus paper, owing to the quantity of carbon 
dioxide evolved, which would affect the indicator ; nor is it per- 
missible to expel the carbon dioxide by heating the solution, siimp 
this results in the decomposition of the ammonium acetate. It is 
customary, therefore, to add a drop of the solution from time to 
time, alternately, to crystals of potassium bicarbonate and citric 
acid exposed on a glass plate or porcelain tile ; when the solution 
ceases to effervesce with either crystal it may be accepted as neutral 
and the volume adjusted to 1000 parts with water. On the large 
scale it is more usual to determine the strength of the acid and 
carbonate by titration and to mix them in the correct propor- 
tions. It is essential that the ammoniun^ carbonate and acid 
used should bo the punvst possible, or the solution tends to 
have a distinct foreign odour ; this is especially noticeable when 
the solution is prepared in the concentrated (1 to 7) form. Specific 
gravity, 1*016. 

Test lor Impurities. Hemy Metals (Limit of ), — When mixed 
with an equal volume of a saturated aqueous solution of hydrogen 
sulphide not more than the slightest darkening in colour should 
result. 


LIQUOR AMMONII CITRATIS 

Solution of Ammonium Citrate 

Ammonium citrate is only included in the Pharmacopoeia in 
the form of its solution. The solution is prepared in precisely the 
same manner as the solution of ammonium acetate, neutralising 
125 parts of citric acid in 625 parts of water by means of ammonium 
carbonate, and adjusting the volume to 1000 parts with water : 

NH4HC03,NH4NH,C03 -h H3G4H5O, = (NH4)3C4H50, + 2CO2 + H3O. 

The same test for neutrality is used as described under Liquor 
Ammonii Acetatis. Specific gravity, 1*057. 

Test for Impurities. Heavy Metals (Limit of). — ^Test as under 
Liquor Ammonii Acetatis. 

Notb. — Solutions of ammonium acetate and ammonium citrate 
should be preserved in bottles the glass of which is free from lead 
(g(oen glass), as the solutions have the property of dissolving certain 
lead 8 Jts. 
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AMMONll BSNZOAS 

Ammonium Jk^nzoato, C^H, . COONH4. (Mol. Wt. « 1 39) 

Preparation. —Thitt salt may be pn^pared by dissolving Ix^nzoic 
acid — natural or synthetic (p. 359) — in a slight exct'ss of dilute 
ammonium hydroxide and <‘arcfully eva|K)rating at a gimtlo heat, 
adding sufficient ammonium hydroxide* from time to time to maintain 
a slight excess of the alkali : 

C4H5.COOH +NK4OH =C4H5.C00NH4 + H,(). 

rf'an excess of ammonia is not maintained during tho ovaymration 
some free l)cnzoic acid is formed, and the em|)lt>yment of even 
moderate tem|x*rature in drying the salt results in its d<xom- 
jKwition. 

Properfies. — White, s(‘aly crystals with a saline, slightly acrid 
taste. Soluble 1-0 in water, 1-30 in alcohol (!K) |H'r cent). The 
addition of liydrochloric acid to a concentratt*d aquc'ous solution 
produces a white, crystalline precipitate of Ixm/.oic acid. On 
heating it first fuses, then decom|K)8e8 with evolution of ammonia 
and vapours of Ixmzoic ticid, and finally completidy volatiIisc‘H. On 
keeping, ammonium benzoate acquires an acid reaction duo to 
decom]X)sition and loss of ammonia, becoming less soluble. 

Tests for Impurities. Sulphate and Chloride . — When 1 gramme 
is dissolved in 20 mils of water and excess of nitric acid a^ded, a 
crystalline precipitate of l)enzoic acid separates. If the liquid be 
filt<*red the filtrate should give not more than a faint opalescence 
)n the addition of silver nitrate to one portion (absimce of more 
ihan a trace of chloride), and should remain clear on the addition 
)f barium chloride to another jwrtion (absence of sulphate). 

Lead Limit . — 10 parts ])cr million (p. 173). 

Arsenic Limit . — 2 parts )xt million (p. 170). 



CHAPTER VII 


COMPOUNDS OF CALCIUM AND STRONTIUM 

COMPOUNDS OF CALCIUM 
Ca (Atomic Wt. =40) 

Calcium (lex's not occur in Nature in the free state, but is found 
in very large quantities in the form of its carbonate, CaCOg, in such 
minerals as marble, limestone, and calcspai, and associated with 
magnesium carbonate in dolomite. Calcium sulphate occurs as 
gypsum, CaS 04 , 2 H 20 , and as anhydrite, CaS 04 ; the fluoride, CaFj, 
occurs as fluorspar ; and bones contain a high percentage of 
calcium phosphate. Several calcium compounds, when purified, 
are important pharmaceutical substances. 

General Tests for Calcium. — (1) The addition of ammonium 
chloride and ammonium hydroxide, followed by ammonium car- 
bonate, to a solution of a calcium salt, produces a bulky precipitate 
of calcium carbonate, which on boiling becomes granular and 
distinctly crystalline. 

(2) Ammonium oxalate, added to a neutral or alkaline solution 
of a calcium salt, produces a white precipitate of cah'ium oxalate, 
insoluble in acetic acid, but soluble in hydrochloric acid. 

(3) Dilute sulphuric acid, added to a concentrated solution of 
a calcium salt, produces a precipitate of calcium sulphate, but in 
dilute solutions this does not appear (distinction from barium and 
strontium). 

(4) A calcium salt, moistened with hydrochloric acid, imparts a 
brick-red colour to the bunsen flame, appearing green through an 
indigo prism. 


CALX 

Lime, CaO. (Mol. Wt. =66) 

Preparation. — Ume, quicklime, or calcium oxide is obtained by 
burning ” limestone or chalk with coal in lime-kilns : 

CaCO,«CaO+CO,. 

Properties. — White or greyish lumps, which on moistening with 
water evolve much heat, and fall to a powder with formation of the 

98. 
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hydroxide. The moistened' substance is alkaline to indicators and 
hM a caustic taste. On exposure to air, quicklime rapidly absorbs 
water and carbon dioxide with formation of calcium hydroxide and 
carbonate. • 

Tests for Impurities. Iron , — Dissolve in nitric acid and add 
potassium ferrocyanide, when there should not be more than a 
slight blue or green coloration. • 

Carbonate . — ^There should not be more than the slightest effer- 
vescence on the addition of a mineral a(*id to a little of the lime, 
previously slaked with water and allowed to cool. 

Sulphate . — Dissolve in dilute nitric acid and test with barium 
chloride. There should be no more than a slight turbidity. 

Chloride . — The nitric acid solution should not give more than a 
slight opalescence with silver nitrate. 

Silica . — Heat to redness in a nickel crucible with sodium car- 
bonate and allow to cool ; extract the mass with water, filter, and 
acidify the solution with concentrated hydrochloric acid, when 
there should bo no precipitate. 

Lime should bo almost completely soluble in hydrochloric acid. 

Arsenic Limit. — 5 parts |x*r million (p. 176). 


CALCII HYDRAS 

Calcium Hydroxide, ('a(OH),. (Mol. Wt. =74.) 

Unofficial Syn. Slaked Lime 

Preparatlon.--('alcium hydroxide is prepared by slaking the 
oxide, lime, with water ; 

Ca0+H20 = Ca(0H)2. 

The addition of water results in the generation of considerable heat. 
In practice, an excess of water is added and the suix'matant liquid 
decanted, this serving to remove the greater portion of any soluble 
impurities. 

Properties. — A white, or nearly white*, odourless powder, with a 
caustic taste. Soluble 1-900 in cold water, less soluble in hot water. 
The aqueous solution has an alkaline reaction, and, on exposure to 
lir, deposits a precipitate of calcium carbonate due to absorption of 
itmosphcric carbon dioxide. The solid substance undergoes a 
imilar change, and for this reason must be stored in stoppered 
>o^e8. On heating, the hydroxide loses water and becomes re- 
ionverted into the oxide. 

Tests for Impurities. — ^Test as described under Calx. 

Lead Limit . — 20 parts per million (p. 173). 

Arsenic Limit . — 5 parts per million (p. 176). 

Test for Strength.-~On heating a weighed quantity to redndto 
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in a crucible, calcium hydroxide should lose nearly ono-fourth its 
weight of water. 


LIQUOR CALCIS 

Solution of lime 
Syn. Lime Water 

Preparation. (Calcium hydroxide is washed free from chloride, 
and a large excess of it shaken with distilled water in a stoppered, 
lead-free (green glass) bottle for several minutes. When required 
for use, the saturated, supernatant liquid is removed by means of 
a siphon. Each time the solution is exposed to air, atmospheric 
carbon dioxide precipitates a little of the calcium as carbonate ; 
for this reason no more should be siphoned off than is required for 
immediate use. 

‘ Tests for Impurities. Lead . — Add ammonium hydroxide and 
po^llP^m cyanide solution, then a drop of sodium sulphide solution, 
there should be no coloration. 

t^* i)hloride. — Acidify with nitric acid and tost with silver nitrate 
'Solution, when there should be no opalescence. 

Quantitative Estimation. — ^The solution is estimated by neutral- 
isation with standard acid. Titrate portions of 40 mils with N/10 
sulphuric acid, using methyl orange as indicator. It should contain 
ratiier more than 0*1 per cent wjv of lime, calculated as CaO : 

H2SO4 + CaO = CaS04 + H^O, 

98 s 66, 

1000 mils N/1 HaS04s28 grammes of CaO, 

' 1 mil N/10 H2SO4S 0*0028 gramme of CaO. 

Liquor Calcls Saocharatus. Saccharated Solution of Lime . — ^The 
preparation of this solution is based upon the greatly increased 
solubility of lime in sugar solution owing to the formation of a 
loosely combined compound called calcium saccharosato.^ The 
lime, 60 parts, is shaken occasionally during a few hours in a green 
glass bottle with a solution of 100 parts of refined sugar (sucrose) in 
1000 parts of water. The solution is siphoned off, guarding against 
unnecessary exposure to air, in order to prevent the formation of 
carbonate as far as possible. The lime is not previously washed 
free from chloride in this case as the solution is not used in any 
official preparation. 

Test for Impurity. Lead. — ^Test as under Liquor Calcis. 

Qwintiiative Estimation . — ^This solution is estimated as described 
under liquor Calcis, titrating portions of 20 mils with N/I sulphuric 
adld. It should contain nearly 2 per cent of lime, calculated as CaO. 


^ C,.lf„Ou.Ca(OH),.H,0. 
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GRETA PRiEPARATA 

Prepared Chalk 

Calcium Carbonate, CaCOj. (Mol. Wt. « 1(X)) 

This substance is native calcium carbonate, or chalk, freed from 
gritty impurities by elutriation. • 

Preparation. — The natural chalk is giound into line powder and 
made into a paste with water. A large quantity of waU^ is then 
added and, after stirring briskly, the supernatant liciuid is decanted, 
carrying with it the line particles. Further quantities of water are 
added to the residue, and the stirring and decantation repeated. 
The decanted liquors are mixed and allowed to stand, and the 
sediment is collected, partially drie<l, and then the pasty mass is 
formed- into the familiar cones by trochiscation, i.e. by shaking 
small portions of the {)aste out on to a j)orous slab from a conical 
container. 

Properties. — White, or gr(‘vish white, friable masses, or a white 
powder, having a darker and coarser appearance than prcoii4tated 
chalk, from which it is readily distinguishaWe. It dissolvee in 
dilute nitric, hydrochloric, or acetic ac'id, leaving not more than 4 
slight residue. 

Tests for Impurities.- The tests for metallic impurities are to be 
applied to the solution in dilute hydrochloric acid. 

Iron. — Add nitric acid and potassium ferrocyanide, when not 
more than a slight blue or green coloration should Ix^ pnKlucod. 

Aluminium. — Add excess of sodium hydroxide, filter off any 
precipitate, add excess of ammonium chloride, and boil. There 
should bo no appreciable preciiutate. 

Magnesium. — Add ammonium chloride and ammonium 
hydroxide in excess, followed by ammonium carbonate. Filter off 
the precipitate of calcium carbonate, and add to the filtrate sodium 
phosphate, when there should Ik^ no immediate precipitate. 

Sulphate. — A solution in dilute hydrochloric acid should yield 
not more than a slight turbidity with barium chloride. 

Phosphate. — A solution in nitric acid should give no yellow pre- 
cipitate when warmed with exce.ss of ammonium molybdate. 

Silica. — ^Test as dcscrilxd under Falx. 

Barium Carbonate. — The Pharraacopmia ])rcscribc8 the follow- 
ing test. Dissolve in dilute acetic acid and add potassium chromate, 
when there should be no precipitate. 

Arsenic Limit. — 5 parts per million (p. 17(5). 

CALCII CARBONAS PRiECIPITATUS 

Precipitated Calcium Carbonate, CaCOj. (Mol. Wt./* 1(X).) 

Syn. Precipitated (,'halk • 

Preparation. — Boiling solutions of calcium cbloride and sodipra 
carbonate are mixed, and the resulting precipitate allowed to 
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subside, collected on a calico filter, and washed with boiling water 
to romovo chloride : 

CaClj + NajCOg = CaCOg + 2NaCh 

Properties. — A fine white powder, seen to be crystalline under 
the microscope. It dissolves in acids with considerable effervescence 
and evolution of carbon dioxide*. 

Tests for Impurities. — The tests for metallic impurities are to 
be applied to a solution in dilute hydrochloric acid. 

Iron and Aluminium . — ^There should be no indication of these 
on teilting as described under Greta Prseparata. 

Magnesium . — ^Thcre should not be more than the slightest 
reaction when tested as under Greta Praiparata. 

Sulphate and Phosphate . — There should be no indication of these 
when tested as under Greta Prajparata. 

Chloride . — The addition of silver nitrate to a nitric acid solu- 
tion of the carbonate should not produce more than a faint opal- 
escence. 

Ijead Limit . — 10 parts per million (p. 173). 

Arsenic Limit.-^^ parts per million (p. 176). 


CALCII CHLORIDUM 

Galciuiu Ghloride, CaGl^ (Mol. Wt. = 1 1 1) 

Preparation. — Galcium chloride is a by-product in numerous 
chemical processes, but for pharmaceutical use it is best prepared 
by acting upon chalk or marble with a slight excess of hydrochloric 
acid : 

GaiJOg + 2HG1 =: GaCl.^ + CO^ + H^O. 

The liquid is evaporated to dryness, and the n’sidue heated to a 
temperature not exci'cding 200° to expel watiT, of which the result- 
ing product should not contain more than 2 jxjr cent. 

Properties.— White, slightly translucent masses, very deliijuescent 
on exposure to the atmosphere. Its proix^rty of absorbing moisture 
is frequently mode use of in the drying of ga.ses and the removal 
of extraneous water from other substances. Soluble 1-1*6 in water, 
1-3 in alcohol (90 per cent). It fuses below a red heat and solidifies 
on cooling without change in composition. 

Tests for Impurities (to be applied to the aqueous solution). 
Iron and Aluminium . — There should bo lio in^cation of these 
when tested as described under Greta Prsoparata. 

Magnesfum . — ^There should not be more than the slightest 
reaction for this when tested as under Greta Prseparata. 

Carbonate and Hypochlorite . — ^There should be no effervescence 
on'^moistening the dry salt with dilute hydrochloric acid, nor should 
any odour of chlorine be detectable. 

Lead Limit . — ^20 parts per million (p. 173). 
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Arsenic Limit — 5 partd per million (p. 176). 

Quimtltatlve Test.— The only quantitative te^t given in the 
Pharmacopoeia is for the amount of water present, it being stated 
that it should Ib&o not more than 5 cent of its weight when 
dried at 200*^. Rapidly weigh about 1 gramme of the salt in a 
crucible and heat over a small flame, cooling the crucible in a 
desiccator and weighing from time to time until the weight is 
constant. 


CALX SULPHURATA 

Sulphurated Lime 

This is a mixture consisting chiefly of cahuum sulphide and 
calcium sulphate, and is required to contain not l(*8s than 50 jxsr 
cent of CaS, 

Preparation. — A mixture of calcium sulphaU^ 70 parts, charcoal 
10 parts, and starch 2 parts, is packed lightly into a crucible, 
covered loosely, and heated to bright redness until the conttmts 
have lost their black colour. Part of the ealciqm sulphate remains 
unchanged, and part is reduced by the carbon : 

(^iS04 + 40-Ca8 f4CO. 

The product is allowed to cool, ^lowdercd, and rajudly transferred 
to a wcll-stopiK?rcd bottle. 

Properties. — A greyish-white, amorphous powder, having an 
odour of hydrogen sulphide and a nauseous taste. Sparingly 
soluble in water, forming an alkaline solution. On exi)osuro to 
air it slowly decompo.scs owing to the action of atmosjflieric moisture 
and carbon dioxide : 

CaS f2H20 = Ca(OH)j + H,S, 

Ca(OH ), -f- CO2 -CaCOg + H^O. 

On treatment with dilute hydrochloric acid, the calcium sulphide 
dissolves with evolution of hydrogen sulpliide, leaving a residue 
of calcium sulphate and possibly traces of carbon. 

Quantitative Test. — This deixnds upon the precipitation of 
copper sulphide from cop|)er sulphate solution by the hydrogen 
sulphide liberated from Calx Sulphurata by the action of dilute 
hydrochloric acid : 

CaS+2HCUCaCl2 + H2S, 

HjS + C\iS04 = CuS + H2SO4. 

Weigh 0*8 gramme and mix in a stoppered flask with a cold solution 
of 1‘4 grammes of copper sulphate in about 50 mils of water. Add 
about 10 mils of dilute hydrochloric acid, heat nearly to boiling, 
shake well for ten minutes, and filter. The filtrate shquld give no 
reddish-brown colour with potassium ferrocyanide, showing t^t 
all the copper has been precipitated (presence of a due proportion 
of sulphide). * 
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CALCII PHOSPhAS 

Calcium Phosphate, Ca3(P04)2. (Mol. Wt. «=310) 

Preparation. — (1) This may be obtained from bone -ash by 
extracting with dilute hydrochloric acid, filtering, and precipitating 
from the filtrate by the addition of excess of ammonia. 

(2) For pharmaceutical purj^oses, it is best prepared by ad(^g 
a boiling solution of calcium chloride to a boiling solution of disodium 
hydrogen phosphate containing some ammonia. The liquid is 
allowed to cool, the precipitate washed by decantation, collected 
on a filter, and again washed until free from chloride. 

2Na2HP04 + SCaClj + 2NH4OH = 

Ca3(P04)2 + 4NaCl + 2NH4a + 2H2O. 

Properties. — A light, white, amorphous, non-hygroscopic powder, 
without odour or taste. Almost insoluble in water, although water 
shaken with it may acquire a faintly acid reaction, due to traces 
of acid phosphate. Soluble in dilute mineral acids owing to the 
formation of acid phosphate : 

Ca 3 (P 04)2 + 2 HCM 2 CaHP 04 + Ca(n„ 

Ca 3 (P 04 )a + 4HCM0a(H2P04)2 + 2Ci(:i.,. 

It is only very slightly soluble in acetic acid. 

Tests for Impurities. Carbonate, Silica, and Insoluble Matter . — 
It should dissolve without effervescence, and without residue, in 
dilute hydrochloric or nitric acid. 

Lexid, Copper, and Iron . — ^Tho solution in dilute hydrochloric 
acid should not l)e darkened by hydrogen sulphide (absence of lead 
and copf)er), and the subsequent addition of excess of ammonium 
hydroxide produces a precipitate which should be quite white 
(limit of iron). 

Before testing for other metallic impurities, remove the 
l)ho8phato from a solution of the salt in dilute hydrochloric 
acid by adding ammonium chloride, almost neutralising with 
ammonium hydroxide, then adding excess of freshly prepared 
ammonium acetate, followed by ferric chloride, drop by drop, 
until a permanent reddish coloration is obtained. Boil for 
a few minutes and then filter. 

Aluminium . — Boil the residue from the above phosphate separa- 
tion with sodium hydroxide, dilute, filter, and add to the filtrate 
excess of ammonium chloride, then boil. There should be no 
white precipitate. 

Barium , — ^To the filtrate from the phosphate sepsuration add 
excess of ammonium hydroxide and ammonium carbonate. Filter 
off the precipitate, dissolve in acetic acid, and add potassium 
chc.omate. * There should bo no yellow precipitate. 

Magnesium . — ^To the filtrate after the addition of ammonium 
carlonate in the barium test, add sodium phosphate, shake, and 
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allow to stand. There should not bo more than the slightest 
precipitate. 

Ammonium . — Dissolve some of the salt in dilute hydrochloric 
acid, add sodium iiydroxide in excess, and boil. There should be 
no indication of ammonia on testing the evolved vapours with 
turmeric paj)er (p. 32). 

fAmit of Chloride and Sulphate solution in dilute nitric 
acid should not be rendered more than slightly opalescent by the 
addition of silver nitrate to one ])ortion, and should yield not more 
tlian a slight turbidity on the addition of barium chloride to another 
I>ortion. • 

Arsenic Limit . — o parts |)er million (p. I7t)). 


CALCll HYPOPHOSPHIS 

(alcinin Hy pophos[)liite, Ca(H5jP0.2)2. (Mol. Wt. ~170) 

'rhis is r<*c|\iiied to contain not less than 98 ]yor cent of CaiHjPOj)^. 

Preparation. The salt is j)re))arcd by Iwiling yellow phosphorus 
with milk of lime* until phosphine* ceases to b» evolved. As the 
mixture of phosphine and other hydrides of phosphorus produced 
during this reaction is spoilt aneou.sly inflammabh*, it is necessary 
to conduct the o|ieration with sjx'cial precautions : 

8P f :}('a(()H)., f bHjO -3Ca(H2POj)j + 2PH3. 

The licpiid is filtered and the filtrates conc(‘ntrat-<*d to crystallisation. 

Properties.— A whit<* crystalline* pow(h*r with a nauseous, bitter 
taste. iSolubk* 1-8 in water, iasolublc in alcohol (tK) jH*r c(*nt). On 
heating, it deercpitate*s and at about 390*^ commences to decompose, 
evolving waU*r vapour and a sixmtaneously inHammablo mixture of 
phosphine, other hydrides of phos}>horus, and hydrogen, leaving a 
residue of calcium metaphosjihatc*, with some pyrophosphate and 
a little red phosphorus. 

Calcium hyiiophosphite is a powerful reducing agent ; for this 
reason it is incompatible with oxidising agents and recpiires esjiecial 
care in disfX'iising. It reduces mercuric chloride, first to mercurous 
chloride, and finally to metallic mercury ; and it preeij»itates metallic 
silver from solutions of its salts. 

Tests for Impurities (to be applied to the ai|ueous solution). 
Cojyper . — Add nitric acid, warm, and then add exec*ss of ammonium 
hydroxide and filter. The filtrate should have no blue tinge, and 
on acidifying with acetic acid and adding potassium ferrocyam'do 
should give no brown coloration. 

Iron . — A little of the solution, w'arined with dilute nitric acid, 
should give no blue or green coloration with yxitassium ferrocyanide. 

Sulphate . — There should not be more than a slight tiybidity on 
the addition of hydrochloric acid and barium chloride. • 

Chloride . — ^The addition of nitric acid and silver nitrate should 
produce not more than a faint opalescence. • 
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Phosphate and Phosphite . — ^Though aot mentioned in the British 
Pharmacopoeia of 1914, these are amongst the most common 
impurities in the salt. The aqueous solution should yield not more 
than a slight precipitate with lead acetate. 

Lead Limit. — 10 parts per million (p. 173). 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — ^The salt is estimated in exactly the 
same manner as described under Sodii Hypophosphis ; 

CaiHjPOa)^ + H2SO4 = CaS04 + 2H3PO2, 

+ 3H3PO2 + 8H2SO4 = 

" 2K2SO4 + 2Cr^{SO,)s + 3H3PO4 + 8H2O, 

4K^Crfij = 3Ca(H^P02)2. 

4x2{)4^3x 170, 

KXK) mils N/1 K2( V207 = 2I*25 grammes of Ca(H2p02)2, 

1 mil N/10 K2Cr207s 0-002125 gramme of Ca(H2P02)2. 


CALCII LACTAS 

(Calcium Uctate, [CH3 . CH(OH) . COOJ^CaMh^^ 

(Mol. Wt. =308) 

This is required to contain not less than 93 per e(‘nt of 
[CII3 . CH(OH) . COOJjC^a, 5H2O. 

Preparation. --(1) Calcium lactate is formed as an intermediate 
product during the manufacture of lactic acid (p. 253). 

(2) For pharmaceutical purposes it is prej)ared by adding the 
theoretical quantity of calcium carbonate to a hot dilute .solution 
of lactic acid : 

CaCO;, + 2CH3 • CH(OH) . COOH = 

[CH3 . CH(OH) . COOJgCa + CO2 + H2O. 

The liot liquid is filt('red and the filtrate evaporated to crystallisation. 

Properties. — CVilourless crystals, or a white granular powder. 
When freshly prepared it is slowly soluble 1-18-5 in water, forming 
a clear, colourless solution, but samples which have been kept for 
any length of time are less soluble. Slightly soluble in alcohol 
(90 per cent). The aqueous solution reduces an acid solution of 
potassium ()ermanganate on warming, an odour of aldehyde being 
evolved. The salt can be completely dehydrated by heating to 
100®. On strong ignition it chars, and yields a residue of calcium 
carbonate or oxide. 

Tests for Impurities. Absence of Alkali and Limit of Acidity . — 
A solution of 6 grammes in hot water does not become pink on the 
addition of a few drops of nhenolphthalein, and requires not more 
than 6 mils of N/10 sc^um hydroxide to produce a pink coloration. 

Lead Limtt.--10 parts per million (p. 173). 

^ Arsenic Limit . — 6 parts per million (p. 176). 
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Quantitative EstUnattoik.—The calcium can be determined by 
treating a weighed quantity of the salt in a crucible with concentrated 
sulphuric acid, igniting, cooling, and repeating the ignition with 
sulphuric acid until a white residue of calcium sulphate remains, 
ana finally weighing the residue : 

[CHj . CH(OH) . COOLra— ^►CaS04, 

^ 308-136, 

1 gramme [CHj . CH(OH) . COOJjCa- 0-441 gramme CaS04. 

The Pharmocopceia requires that 1 gramme of the salt, treated 
in this way, shall yield a residue weigliing Ix'tween 0-410 gsammo 
and 0-450 gramme, 

Syrupus Calcil Lactophosphatis. Si/rup of Calcium Ijocto- 
jihanphate. — ( ’oneent-raU’d phosphoric acid is add(-d to a sus|M-nsion 
of calcium lactate in water, the mixtun- stirred until solution is 
(‘ompleto, orange-flower watc*r added, and then r(‘Hned sugar, the 
last ingre-dient being dissolved without th<* aid of heat. The volume 
is adjusted with water an<l the product filtered. 


COMPOUNDS OF STKONTIUM 
Sr (Atomic VVt.-87-r)) 

Strfmtium occurs in Nature- in the form of its carbonate, atron- 
tianite, SrCOs, and its sulphate, celcslinCy 81804. Only one strontium 
salt, the bromide, is official. 

General Tests for Strontium.— (1) The addition of ammonium 
chloride and ammonium hydroxide, followed by ammonium car- 
bonate, to a solution of a strontium salt produces a white precipitate 
of strontium carbonate. 

(2) Dilute sulphuric acid, added to a solution of a strontium 
salt, produces a white precipitate of strontium sulphate. As 
strontium sulphate is much less soluble than calcium sulphate, it 
is precipitated when a solution of calcium sulphate? is added to a 
solution of a strontium salt. 

(3) A strontium salt, moistened with hydrochloric acid, imparts 
a bright crimson colour to the buiis(*n flame. 


STRONTII BROMIDUM 

Strontium Bromide, SrBrjjOHjO. (Mol. Wt. =355-5) 

This is required to contain not less than 97 per cent of 
SrBr„6H,0. 

Preparation. — (1) Dilute hydrobromic acid is treated with^a 
slight excess of strontium carbonate and the li([uid filtered : 

SrCO, + 2HBr = SrBr, + CO* + H,0. 
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The filtrate is evaporated until cr3rRtal8»begin to form, cooled, and 
the crystals are separated and dried carefully at a moderate 
temperature. 

(2) Strontium hydroxide may be employed ii&tead of the car- 
bonate, and the advantage of this method lies in the fact that the 
hydroxide is more easily obtained in pure form than the carbonate. 
In this case a slight excess of hydrobromic acid must be employed, 
because strontium hydroxide is soluble in water, and any excess 
of it cannot bo removed by filtration. 

Properties. — Colourless, very deliquescent crystals, with a bitter, 
saline; metallic taste. Soluble more than 1-1 in water and in alcohol 
(90 pc^r cent), the solutions being neutral. On heating, the salt 
molts in its water of crystallisation, and becomes anhydrous at 
120° to 130°. The anhydrous salt melts at a red heat without 
decomposition. 

Tests for Impurities. Barium . — Dissolve about 1 grammo in 
water, add sodium acetate, acetic acid, and potassium chromate. 
There should bo no precipitate, oven on standing. 

Iodide . — According to the B.P.O., when an aqueous solution is 
mixed with chloroform and dilute chlorine water added, drop by 
drop, the liberated bromine should dissolve' in the chloroform layer 
to form a brown solution without any violet tinge. 

Lead Limit . — 20 parts per million (p. 173). 

• Ar8erk>ic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — (1) The volumetries estimation is 
based upon precipitation of the bromide as the silver salt, as 
doscrilx*d under Potassii Bromidum. Weigh about 2 grammes, 
dissolve, and dilute to 100 mils. Titrate portions of 20 mils with 
N/10 silver nitrate, using potassium chromate as indicator : 

2AgN03 + SrBr^ = 2 AgBr + Sr{N03)2, 

2x170 =355-5, 

1000 mils N/l AgN03= 177-7 grammes of SrBrjjOHjO, 

1 mil N/10 AgN03 = 0-01777 gramme of SrBr2,6H20. 

(2) The salt is also estimated gravimetrically, by conversion 
into sulphate and weighing. Weigh about 0-5 gramme in a crucible, 
add a little concentrated sulphuric acid, and ignite. Cool in a 
desiccator and weigh from time to time until the weight is constant : 

SrBra + H2SO4 =SrS04 + 2HBr, 

355-5 grammes of SrBr2,6H20= 183-5 grammes of SrS04. 
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COMPOUNDS OF MAGNESIUM AND ZINC 

COMPOUNDS OF MAGNESIUM 
Mg (Atomic Wt. -24) 

In combination, magnesium is widely distributed in Nature, the 
most important sources being the minerals dolomite (p. 98) and 
magnesite, MgCyOg. Magnesium is also found in the Stassfurt 
deposits as carnalUic, MgCljjKCbGHjjO, and as kieserite, MgS 04 , 
HjO ; and it is a constituent of many natural silicates, including 
laic (p. 49) and asbestos. Magnesium sulphate is found in the 
waters of many mineral springs. 

General Tests for Magnesium.- (1) Ammonium carbonate pre- 
cipitates from solutions of magnesium salts a basic carbonate of 
magnesium, but the precipitation is prevented by the presence 
of ammonium chloride. 

(2) Sodium phosphate, added to a solution of a magnesium 
salt, previously made alkaline with ammonium hydroxide, produces 
a white precipitate of magnesium ammonium phosphate, MgNH 4 P 04 . 
In dilute .solutions this may only aj»jKMir after shaking and allowing 
to stand. 


MAGNESIA PONDEROSA 

Heavy Magnesia 

Heavy Magnesium Oxide, MgO. (Mol. Wt. =40) 

Syn. Heavy Calcined Magnesia 

Preparation. — It is prepared by heating heavy magnesium car- 
bonate (q.v.) to dull redness until carbon dioxide is no longer 
evolved : 

3MgC03,Mg(0H)2,4H20 =4MgO + 3 CO 2 4 SHjO. 

Properties. — It occurs as a fine white fXiwder which slowly 
absorbs carbon dioxide and moisture from the atmosphere. A%ry 
slightly soluble in water, but sufficiently so to form a solution 
distinctly alkaline to phcnolphthalein. Mixed with fifteen tfmes 

109 
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it8 weight of water it forms a gelatiifbus mass on standing for 
half an hour. On strongly heating, it becomes incandescent. It 
dissolves in acids with formation of the magnesium salt of the 
acid used. 

Tests for Impurities (to bo applied to the solution in dilute 
hydrochloric acid). Copper , — ^Add excess of ammonium hydroxide, 
and filter. The filtrate should iKive no blue tinge and should give 
no brown coloration on acidifying with acetic acid and adding 
potassium ferrocyanide. 

Irm . — ^The addition of nitric acid, followed by potassium ferro- 
cyanido, should j)roduco not more than the slightest blue or green 
colour. 

Aluminium . — Add nitric acid and then excess of sodium 
hydroxide. Filter, add to the filtrate ammonium chloride, and 
boil. No flocculcnt precipitate should bo produced. 

Calcium . — Add ammonium chloride and ammonium hydroxide 
in excess, and then ammonium oxalate solution. There should 
not bo more than a slight precipitate. 

Sulphate . — Add barium chloride, when there should not be 
more than a slight turbidity. 

C’arftowafc.— According to the B.P.C., if 0*1 gramme of the 
substance bo heated to boiling with 6 mils of water, cooled and 
poured into an equal volume of acetic acid, it should dissolve, 
and show not more than a few isolated gas bubbles. 

Lead Limit . — 20 parts pt^r million (p. 173). 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Test. Limit of Carbon Dioxide and Moisture . — It 
should lose not more than 1 per cent of its weight when heated to 
dull redness. Weigh about 1 gramme in a crucible, and ignite. 
Cool in a desiccator and then weigh, repeating the ignition, cooling, 
and weighing until the weight is constant. 


MAGNESIA LEVIS 

Light Magnesia 

light Magnesium Oxide, MgO. (Mol. Wt. =40.) 

Syn. light Calcined Magnesia 

Preparation. — ^This is prepared by heating light magnesium 
carbonate (q.v.) to dull redness, until carbon dioxide is no longer 
evolved : 


3MgC08,Mg(0H)„3Hg0 =4MgO +3COj +4HjO. 

Chroperties. — A very light, white powder, differing from Magnesia 
Ponderosa in bulk only, the volumes which correspond to the same 
weight having the ratio of 3*5 to I. 
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Tests for Impurities. Test as described under Magnesia 
Ponderosa. 

Quantitative Test. — As for Magnesia Ponderosa, but employing 
0*5 gramme. • 


MAGNESII CARBONAS PONDEROSUS 

Heavy Magnesium Carbonate 

This is a hydrated basic carbonate of magnesium, having the 
approximate formula 3 MgC 03 ,Mg( 0 H) 2 , 4 H 20 . 

Preparation. — The pharmacopa^ial im^thud of preparation con- 
sists in dissolving 125 parts of magnesiuni sulphate and 150 jMirts 
of sodium carbonate separately, each in 250 parts of boUiiuj water. 
The solutions are inixe<l, evaporated to dryness, and the residue 
of heavy magnesium carbonate and sodium sulphate digested with 
500 parts of boiling water for half an hour. The licpiid is filtered 
through a calico filt(*r, the insoluble carbonatti being wtished on 
the filUu* until free from sulphate', and then dried in a water oven. 
The reaetioas may lx‘- reprosenti'd by the equatioas : 

NagCOa + MgS ()4 - MgCO., + Na^SO^, 

4Mg(;03 + 5 H 2 O = 3MgC63,Mg(OH)j,4 H^O + CO 3 . 

Properties.— A white, granular j)owder, insoluble in water. It 
dissolves readily in dilute acids with efferveseemee and formation 
of the magnesium salt of the acid u.sed. \Vh(*n heated to redness 
it loses carbon dioxide and watc'r, leaving a residue f)f magnesium 
oxide. 

Tests for Impurities, dapper y Aluminiiimy and Iron. — Test os 
described under Magnesia Ponderosa. 

Calcium. — There should be no indication of this when tested 
as under Magnesia Pondero.sa. 

Chloride. — A solution in dilute nitric acid should give not more 
than a faint opalescence on the addition of silver nitratt*. 

Sulphate. — Test as under Magnesia Ponderosa. 

Lead Limit. — 20 parts |x'r million (p. 173). 

Arsenic Limit. — h parts jxjr million (p. 170). 

Quantitative Test. — When about 1 gramme, is heated to redness 
in the manner described under Magnesia Ponderosa, it should lose 
between 60 and 58 per cent of its weight. 


MAGNESII CARBONAS LEVIS 

Light Magnesium Carbonate 

This is a hydrated basic carbonate of magnesium paving the 
approximate formula 3MgCOj,Mg(OH)„3HjO. • 

Preparation. — ^The pharmacopoeial method of preparation con- 
sists in dissolving 125 parts of magnesium sul[ihatc and 150 perts 
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of sodium carbonate separately, each k) 1000 parts of cold water, 
mixing the solutions, and heating to boiling. After boiling for 
fifteen minutes the* precipitate is collected on a calico filter, washed 
free from sulphate, and dried in a water oven. * 

It should bo noted that the difference between the conditions 
of the formation of the light and heavy magnesium carbonates 
consists essentially in the concentration of the reacting solutions, 
the temperature at which they are mixed, and the subsequent 
treatment of the precipitate. 

Properties. — A very light, white powder, which under the 
microscope is seen to consist of amorphous particles mixed with 
slender prisms. In other properties it resembles Magnesii Carbonas 
Ponderosus. 

Tests lor Impurities. — As described under Magnesii Carbonas 
Ponderosus. 

Quantitative Test. — When 0*5 gramme is heated as described 
under Magnesia Ponderosa it should lose between .56 and 58 per 
cent of its weight (B.P.C.). 


LIQUOR MAGNESII BICARBONATIS 

Solution of Magnesium Bicarbonate. 8yn, Fluid Magnesia 

Preparation. — Basic magnesium carbonate is freshly precipitated 
bv mixing a solution of sodium carbonate with a boiling solution 
of magnesium sulphate : 

MgS 04 + NajjCOa = MgCOj + Na^SO., 

4MgC03 + HjO - 3MgC03,Mg(0H), + CO.,. 

The liquid is boiled until evolution of carbon dioxide ceases, the 
precipitate collected on a calico filter, and washed free from sulphate. 
The washed precipitate is suspended in water and introduced into 
a suitable aerating apparatus. E^ire, washed carbon dioxide is 
then led in, and the mixture allowed to remain in contact with 
excess of the gas for twenty-four hours or more at a pressure of 
about three atmospheres, the following reaction taking place with 
production of soluble magnesium bicarbonate : 

3MgC03,]Vfg(0H), +6CO, + 3 H 2 O -4Mg(HC03)2. 

The solution is decanted and again saturated with carbon dioxide 
before being transferred to securely closed bottles. 

Proportlfis.— A colourless solution which may effervesce slightly 
when the containing bottle is first opened. On keeping, a deposition 
of basic carbonate of magnesium occurs with loss of carbon dioxide, 
the solution suffering a corresponding decrease in strength ; for this 
reason it should only be used when comparatively fresh. When 
ei^porated to dryness a residue is obtained, which dissolves in dilute 
acids with effervescence, the resulting solution yielding the reactions 
chtiiractcristic of magnesium. 
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Tests for Impurities. — ^Tho addition of excess of dilute 

hydrochloric acid, followed by boiling, should produce a solution 
which yields no precipitate with barium chloride. 

Lead part per inUlion (p. 173). 

Arsenic Limit. — 0*2 part per million (p. 176). 

Quantitative Test. — The residue obtained by evaporating 20 mils 
of the solution to dryness should, after ignition, weigh not less than 
0‘16 and not more than 0-19 gramme. This corres|V)ndH to approxi- 
mately 2 i>cr cent tc/y of the official magnesium carbonate. 


MAGNESII SULPHAS 

Magnesium Sulphate, Mg8()4,7H20. (Mol. VVt. ---246.) 
iS’yw. Ep.som Salts 

This is required to contain not less than 97*4 i)er cent of 
MgS04,7Hj0. 

Preparation. — (1) It maj^ be prepared by acting upon magnesium, 
or its oxide or carbonate, with dilute suljffiuric acid and (‘vaporating 
the resulting solution to crystallisation : • 

Mg4-H3S04^MgS04+H2, 

MgO + H2SO4 MgS04 + H jO, 
3MgC03Mg(0H)2,4ll2() 1 4H2SO4 « 4MgS04 -f 3COa OHjO. 

(2) It can lx* prepared from magnesito (p. 109) by tJio action of 
dilute sulphuric acid : 

MgCOg + 112804 = MgS04 + H2O + (X)2. 

(3) It is manufactured by the action of dilute* sulphuric acid on 
previously powd(‘rcd and calcined dolomite (p. 98). This results in 
the formation of readily soluble magnesium sulphate and the deposi- 
tion of the sparingly soluble calcium sulphate. The liquid is filtered 
and the filtrate concentrated to crystallisation. 

(4) Magnesium sulphate is also largely manufactured from the 
native sulphate kieserito, MgS04,H2(>, which is almost insoluble in 
water, but which, on keeping in contact with wat(T, slowly dissolves 
to form a solution of MgS04,7H20. 

Properties. — Small, colourless, prismatic needles or rhombic 
prisms with a cooling, saline, and rather bitter taste. Soluble 1-1 
in water, the solution being neutral to litmus. On heating to 150°- 
160° for some time, it loses 6 molecules of water, the remaining 
monohydrated salt becoming completely anhydrous at about 280°. 

Tests for Impurities. Insoluble Impurities and more than Traces 
of Iron . — 10 grammes, dissolved in 20 mils of water and heated on 
a water-bath for one hour in a closed flask, should yield a clear, 
colourless solution. 

Zinc . — ^Add ammonium chloride and hydroxide to*thc aqiwous 
solution, filter if necessary, and add ammonium suljihide, when 
there should be no precipitate. 
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Acidify the aqueous solmtion with nitric acid, and 
add silver nitrate. There should not be more than a slight opal- 
escence. 

Lead Limit. — 5 parts per million (p. 173). * 

Arsenic Limit. — 5 parts per million (p. 176). 

Quantitative Estimation. — ^The magnesium in the salt is estimated 
gravimetrically by precipitation as magnesium ammonium phos- 
phate, MgNH 4 p 04 , 6 H 20 , and conversion of the precipitate into 
mamosium pyrophosphate, Mg 2 pa 07 , by ignition. 

Weigh about 0*6 gramme of the salt, dissolve in 50 mils of water, 
and add successively to the solution 20 mils of strong ammonium 
• hydroxide, and excess of sodium phosphate solution. Stir the 
mixture well and allow to stand for two or three hours. Collect 
the precipitate on a filter paper, wash well with dilute ammonia, 
and dry in a water«ovcn. Separate the precipitate from the filter 
paper as far as possible, carrying out the operation over a sheet of 
black, glazed [)apor in order that none may be lost. Ignite the filter 
paper in a weighed crucible, and, when the ash is quite white, allow 
to cool, and add the precipitate. Again heat, gently at first, and 
finally to redness ; , cool in a desiccator and weigh ; continue to 
ignite and weigh until the weight is constant : 

MgS04 + Na2HP04 + NH4OH + - MgNH4P04,6H20 + Na2S04, 

2MgNH4P04,6Ha0 -Mg^P^O, + 2NH3 + ISHaO, 
Mg2p207=H2MgS04,7H20. 

222-2x246. 

The Pharmacopoeia requires that 0*5 gramme of Magnesii Suljihas, 
treated as descrik'd above, shall yield a residue weighing between 
0<220 and 0*226 gramme. 

Magnesii Sulphas EfTervescens. Effervescent Magnesium Sul- 
phate. Syn. Effervescent Epsom Salts. — Magnesium sulphate, 
dried until it has lost 23 per cent of its weight and powdered, 
is mixed with tartaric acid, citric acid, sodium bicarbonate, and 
refined sugar on a water-bath, the resulting pasty mass being 
forced through a sieve to produce granules of uniform size, which 
are dried at a temperature not exceeding 55° (of. yodii Phosphas 
Eiffervescens, p. 79). 

COMPOUNDS OF ZING 
Zn (Atomic Wt. = 65*5) 

The principal zinc ores are calamine, ZnCOj, and zinc blende, 
ZnS. The compounds of zinc used in pharmacy are all prepared 
directly or indirectly from the metal, and it is therefore necessary 
to d^cribe briefly the chief method employed for the production of 
the metal from its ores. 

llhe first process consists in roasting the ore in air, when zinc 
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oxide is obtained, whether -the ore employed bo calamine'^ orlsino 
blende : 

ZnCOj^ZnO + COj, 

• 2ZnS+30,=2Zn0+2S0*. 

The oxide is then mixed with coke and strongly heatexi in earthen- 
ware retorts, w'hen metallic zinc distils : 

ZnO+C-Zn+CO. 

Commercial zinc, prepared in this way, contains traces of other 
metals, particularly iron, lead, cadmium, and manganese, whiqji are 
present in small quantities in most zinc ores. 

General Tests for Zinc. — (1) Heated on charcoal with fusion 
mixture, zinc com|K)iind 8 give an incrustation of zinc oxide, which 
appears yellow when hot, but becomes white again on cooling. If 
the incrustation bc^ moisU*ncd with cobalt nitrate and ri'heated, it 
yields a green mass. 

(2) Ammonium hydroxide precipitates from solutions of zinc 
salts a white precipitate of zinc hydroxide, Zn(OH) 2 , readily soluble 
in excess of the reagent with formation of an ajnmine of the type 
Zn(NH 3 ) 4 S 04 . The precipitation is completely prevented by the 
presence of ammonium chloride. 

Sodium hydroxide also precipitates zinc hydroxide from solutions* 
of its salts, but the precij)itate is readily soluble in excess of the 
reagent with formation of sodium zincat(‘, NaZnO.^. 

(3) Add to a solution of a zinc salt ammonium chloride and 
hydroxide, followed by ammonium sulphide. A whitt) precipitate 
of zinc .sulphide is ju oducod, ea.sily soluble in dilute mineral acids. 


ZINCI OXIDUM 

Zinc Oxide, ZnO. (Mol. Wt. =81t'5) 

Preparation. — (1) The oxide remaias when basic zinc carbonatfi is 
ignited in a crucible. The ignition is continued until a portion 
tested with a dilute acid no longer effervesces ; 

ZnC 03 , 2 Zn(UH) 2 ,H 30 =3ZnO + 01)3 + 311*0. 

Too high a temperature should not be employed or the product may 
be discoloured. 

(2) The oxide is manufactured by heating metallic zinc to bright 
rednew in contact with air. The vapour of the metal bums to 
form the oxide, which is collected as a fine wliite powder. 

Properttes. — ^A very fine, white or yellowish-white, amorphous 
impalpable powder, free from gritty particles, and ^odourless. 
Insoluble in water, but soluble in dilute acids with production jof 
the salt of the acid used ; soluble in ammonium hydroxide, the 
solution usually being somewhat opalescent. On keeping, it slowly 
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absorbs moisture and carbon dioxide 4roin the aii’ with formation 
of the carbonate. When heated, it becomes pale yellow, but becomes 
white aeain on cooling. Heated with carbon it is reduced to metallic 
zinc ; heated with magnesium it is reduced 'with considerable 
violence. 

Tests for Impurities. — To be applied to a solution in dilute hydro- 
chloric acid except where otheuwise stated. 

Copper, Cadmium, and Lead, — Dilute and pass hydrogen 
sulphide. If a precipitate be produced, examine by Table on 
p. 423. Copper and cadmium should be completely absent, 
and ,thore should not bo more than the slightest reactions for 
lead. 

Iron. — ^Add nitric acid and potassium ferrocyanide, when there 
should bo no blue or green colour. 

Aluminium . — Add nitric acid, followed by excess of sodium 
hydroxide. Dilute, filtcT off any precipitate, then add excess of 
ammonium chloride to the filtrate and boil, wlum there should bo 
no precipitate. 

Marujanese (Limit of ). — To a solution of 0*2 gramme in dilute 
sulphuric acid ad4 excess of ammonium hydroxide, filter off any 
precipitate; dissolve this in dilute nitric acid, dilute to 15 mils, 
^Doil, and add 1 mil of N/10 silver nitrate solution and 10 mils of 
1-10 ammonium persulphate solution, when there should be no 
more than a faint pink coloration. 

Before testing for the remaining impurities, remove the zinc 

by ad^g ammonium chloride, ammonium hydroxide, and 

ammonium sulphide, and filtering off the precipitate of zinc 

sulphide. 

Calcium. — ^Add excess of ammonium hydroxide and ammonium 
oxalate. There should bo no white precipitate*. 

Magnesium. — Add excess of ammonium hydroxide and sodium 
phosphate. There should bo no precipitate oven on shaking and 
allowing to st^nd. 

Sodium and Potassium. — Apply the flame test to the oxide 
moistened with hydrochloric acid, using an indigo ]>rism to detect 
the potassium if sodium be present. 

Ammonium. — Boil with excess of sodium hydroxide solution, 
and test the evolved vapours with turmeric paper (p. 32). 

Carbonate. — ^The dry substance should dissolve without effer- 
vescence in dilute acids. 

Limit of Alkali, — ^The B.P.C. states that 1 gramme, treated 
with 10 mils of boiling water and 0*1 mil of phenolphthalein 
solution, should require not more than 1 mil of N/10 hydrochloric 
acid to dischar^ the red colom. 

Carbon. — ^The substance should dissolve in dilute hydrochloric 
acid without the separation of any black particles. 

Arsenic lAmit. — 10 parts per million (p. 176). 
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Zmei CARBONAS 

Zinc Carbonate 

This is a basic* carbonate of zinc of the approximate comi)osi- 
tion ZnC 03 , 2 Zn( 0 H) 2 ,H 20 , 

Preparation. — ^The B.P.C. gives the following method : A 
solution of 30 parts of zinc suiphat>(»in 150 parts of water is added, 
with constant stirring, to a filtered, boiling solution of 32 parts of 
sodium carbonate in 180 parts of wat<T. AfU^r boiling for fifteen 
minutes, the precipitate is allowTd to subside. The liquid is 
decanted, and the precipitate is waslied with hot watt*r until ^ree 
from chloride, collected, pressed, and dried at 50°. Under different 
conditions of preparation the product is liable to variation. 

Properties.- “A white, amor])hous, impalpable powder, insoluble 
in water. When strongly heated it is (‘onv(‘rted into zinc oxide, 
with loss of carbon dioxide and water. 

Tests for Impurities, (^opper^ (\i4hnium, Leatly Iron^ Aluminium, 
Calcium, Magnesium, Sodium, Potassium, and Ammonium . — ^Tost 
as under Zinei Oxidum. Ix‘<id should lie completely absent. 
Manganic {Limit o/).- Test as under Zinei Qxidum. 

CA/orw/e.-— Dissolve in diluU^ nitric a(‘id and U'st with silver 
nitrate, when there should not l)e more than a faint oj)al(‘Scenco, 
#VM?pAafc.-;-Dissolv(^ in dilute hydroehh)ric acid and add barium 
chlorid<?. There should not Ix^ more than a slight turbidity. 

Arsenic Limit. — 10 parts per million (p. 170). 


ZINCI CHLORIDUM 

Zinc ( 'hloride, ZnCl.^. (Mol. Wt . - 130 5.) 

Preparation. — This is j)repared by dissolving zinc in hydro- 
chloric acid and evaporating to dryness : 

Zn+2HCl=ZnCl2 f H.^. 

The residue is heated to fusion and ]Mmrc-d into cy lindrical moulds 
or trays to solidify, tlu* solid substance Ixung transferred while 
still hot to warmed, dried, Wf'll-stopjxjred Ixittles. 

Iron and lead, which are common impurities in commercial 
zinc, must, if prc8<mt, be removed Ix'fore evaporation by the method 
described below under Liquor Zinei (’hloridi. 

Properties. — Usually in the form of opaque, porcelain-like 
sticks or irregular fragments, or a granular powder. Very de- 
liquescent and caustic. Soluble 10-4 in water, 1-1 in alcohol 
(90 per cent). The aqueous solution is acid to litmus owing to 
hydrolysis, and on evaporation is partly decomposed, forming zinc 
oxychloride. The solution has an astringent metallic taste. 

Tests for Impurities. Metallic Impuritits and Atimonium . — 
Test as described imdcr Zinei Oxidum, except that no trace of iead 
is permitted. 
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Manganeat (Limit of). — 0*26 granyne, dissolved in water and 
to8te<l as under Zinci Oxidum, should yield a solution having not 
more than a faint pink coloration. 

Sulphate . — Dissolve in dilute hydrochloric acid and add barium 
chloride. There should be no turbidity. 

Oxychloride (Limit of ). — ^The B.P.C. prescribes the following 
test : A 5 per cent solution should be clear, or only very slightly 
opalescent ; and if it be mixei with an equal volume of alcohol 
a single drop of hydrochloric acid should suffice to- render 10 mils 
of the mixture jK*rfcctly clear. 

Arsenic Limit . — 5 parts per million (p. 176). 

t 

LIQUOR ZINCI CHLORIDI 

Solution of Zinc Chloride 

Preparation. Granulated zinc (40 parts) is added to a mixture 
of hydrochloric acid (IK) parts) and watc^r (50 parts) contained 
in a porcelain dish, and the mixture heated until hydrogen is no 
longer evolved. The resulting solution of zinc chloride is boiled 
for half an hour to V^xpel dissolved gases, the water lost by evapora- 
tion is replaced, and the solution allowed to cool. 

The next stop is to free the .solution from traces of iron or load 
which commonly accompany commercial zinc, and which the solu- 
tion may now contain as chlorides. If a small portion on testing 
shows tile presence of these impurities, sufficient chlorine water 
is added to the whole to bring about the oxidation of ferrous chloride 
to the ferric state. The addition of zinc carbonate now results 
in the precipitation of all the iron and lead as carbonate, and 
neutralises the excess of acid, while zinc chloride, which is the other 
product of the reaction, remains in solution. It should be noted 
that, were the usual precipitant, ammonium hydroxide, employed, 
an impurity would be introduced in the form of ammonium 
chloride. 

The solution is filtered, and the filtrate evaporated to 100 parts 
by volume. During evaporation, any excess of chlorine is expelled. 

Properties. — A colourless liquid with an astringent and sweetish 
taste. Specific gravity, 1*630. It is more suitable for use in 
astringent lotions than solid zinc chloride owing to the fact that 
it is free from zinc oxychloride (p. 1 17). It is a powerful disinfectant, 
of which the properties are not destroyed by contact with organic 
matter. 

Tests for Impurities. Copper, Cadmium, Lead, Iron, Aluminium, 
Calcium, and Magnesium . — ^There should be no indication of these 
on testing as under Zinci Oxidum. 

Arsenic . — ^There should bo no indication on applying Fleitmann’s 
test (p. 143). 

* Sulphate . — ^There should be no turbidity on the addition of 
barium chloride. 
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ZINCI SULPHAS 

Zinc Sulphate, ZnS04,7H,0. (Mol. Wt. - 287-5.) 

• Unofficial Syn. White Vitriol 

Preparation. — (1) In the laboratory this salt may bo prepared 
by adding excess of zinc to dilute sulphuric acid : 

Zn + HaS 04 =ZnS 04 + H2. 

When efferveswnce has ceased, the solution is tiltercd and ovajwr- 
atod to crystallisation. 

(2) It is manufiicturcd by roivsting zinc blende (p. 114) •in air 
at a low tomjx'ratun*, the product Ijc'ing allowed to cool, and then 
extracti'd with watt^r : 

ZnS f202-ZriS04. 

Properties. — (’olourless, transparent, somewhat eillorescent 
prisms, with a metallic, a.stringent taste. Soluble more than 1-1 
in water, the solution lieing acid to litmus owing to hydrolysis ; 
insoluble in alcohol (00 jx'r c(‘nt). On heating, it loses five mole- 
cules of water at 50° without melting. Another molecule is lost 
at 1(M)° ; and at about 250° the salt partially dcc^omposes with 
loss of th<* last molecule of water and some sulphuric acid. 

Tests for Impurities. Copper ^ Cadmivm, Leady Iron^ Alvminium, 
(^akiuniy Magnesium y Sodium y Potassiumy and Ammonium. — Test 
as under Zinci Oxidum. A trace of iron is jx^rmitted, but lead 
should lx* completely absent. 

Manganese (Limit of). — 0*5 gramme, dissolved in wat(T and 
tested as under Zinci Oxidum, should yield a solution having 
not more than a faint pink coloration. 

Chloride. — Add to an aqueous solution nitric axu'd and silver 
nitrate, when there should not be more than a slight turbidity. 

Acetate.— Qonily warm the wilt with concentrated sulphuric 
acid, when there should Im? no odour of acetic acid. 

Arsenic Limit.— Ty parts p(*r million (p. 170). 


ZINCI ACETAS 

Zinc Acetate, (CH3.(X30)2Zn,2H20. (Mol. Wt. - 219-5) 

Preparation. — Hot dilute acetic a<,-id is neutralised with zinc 
oxide or carbonate and the liquid 01t<;red, then evaporated to 
crystallisation : 

2CH3.COOH + ZnO - (CHg.COOljZn + HgO, 

2CH8 . COOH + ZnCOa - (CH3 . (;00)3Zn + CO, + HjO. 

The crystals arc collected and dried at ordinary temjssratures on 
porous plates or between sheets of filter paper. 

Properties. — Thin, translucent, colourless, crystalline p^tes 
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with a parly lustre. The crystals hi^e a faint odour of acetic 
acid and a sharp, metallic taste. Soluble 1-2 '5 in water, forming 
an acid solution owing to hydrolysis. On long exposure to air, 
the salt effloresces and is partly converted into a basic salt with loss 
of acetic acid. For this reason, samples that have been exposed 
to air may not form a clear solution in water, and the salt should, 
therefore, bo kept in well-stoppered bottles. When gently heated, 
the crystals partially melt with foss of water of crystallisation. At 
higher tem[)eratures the salt decomposes with evolution of acetone 
and other inflammable vapours, leaving a residue of zinc oxide. 

Tests for Impurities. C’opper, Cadmium, Lead, Iron, Aluminium, 
CalciAm, Magnesium, Sodium, Potassium, arul Ammonium . — Test 
as under Zinci (Jxidiim. Lead should be completely absent. 

Manganese (Limit of). — 0*5 gramme, dissolved in water and 
ti^sted as under Zinci Oxidurn, should yield a solution having 
not more than a faint pink coloration. 

Sulphate . — The aqueous solution, acidified with dilute hydro- 
chloric acid, siiould yield no turbidity on the addition of barium 
chloride. 

Chloride.- -Y\\Ci aqueous solution, acidified with dilute nitric 
acid, should yield n6 opalescence with silver nitrate. 

Arsenic Limit . — 5 parts per million (p. 17()). 


ZINCI VALERIANAS 

Zinc Valerianate, (C4H9 . C00)2Zn,2H20. (Mol. Wt. =303-5.) 
Unofficial Syn, Zinc Valerate 

This is a mixture of the zinc salts of iso-valerianic acid, 
. OH2 . COOH, and optically active valerianic acid, 
OH, 


. COOH (p. 252). 


CH, . CH, 

Preparation. — (1) It may bo prepared by neutralising commercial 
iso-valerianic acid with zinc carbonate : 


2C4HJ .COOH + ZnCOj = (C4H2. COO)2Zn + COg + HgO. 

(2) It is generally manufactured by mixing solutions of zinc 
sulphate and the sodium salt of iso-valerianic acid, at a temperature 
not exceeding 70° : 

2C4H2. COONa + ZnS04 = (C4H2. COO/jZn + Na2S04. 

The precipitated zinc valerianate is separated, washed with a little 
water, and dried on a porous plate at ordinary temperatures. 

Properties. — White, lustrous scales, or a white powder, having 
th^ disagreeable odour of valerianic acid. Variations in the method 
of preparation may result in a salt containing less than two molecules 
of ]vater of crystallisation. Very slightly soluble in cold water : 
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soluble in hot water and in alcohol (90 per cent). On boiling the 
aqueous solution a slight turbidity is produced, due to loss of 
valerianic acid and formation of a basic salt. When heated, the 
salt melts, and tlien decomposes, evolving inflammable vapours, 
and finally leaving a residue of zinc oxide. 

Tests for Impurities. — Before testing for metallic impurities the 
salt must be ignited, the residue exirracted with hydrocliloric acid, 
and the liquid filtered. « 

Copper, Cadmium, Lead, Iron, Aluminium, Calcium, 
Magnesium, Sodium, Potassium, and Aw»iont«w.— Test as under 
Zinci Oxidum. • 

Manganese (Limit of). — 0*2 gramme of the zinc oxide obtained by 
ignition of the salt, when tested as described under Zinci Oxidum, 
.should yield a solution having not more than a faint pink coloration. 

Carbonate . — The dry salt should not c'ffervesee on treatment 
with dilute acids. 

Chloride and Sulphate . the salt with dilute nitric acid 
and filter through a wet filter-papc'r to remove the liberated valerianic 
acid. Separate portions of the filtrate should not give more than 
the slightest turbidity with barium chloride, nor more than the 
slightest opalescence with silver nitrate. 

Acetate . — ^Triturate 0*5 gramme of the salt with 3 mils of water, 
add a few drops of ferric chloride, and filter. The filtrate should 
have no red colour. 

Butyrate . — The Pharmacopceia state's that when heated in a 
retort with dilute sulphuric acid it yields a distillate which, when 
ulded to coppiT acedate solution, should not immediately become 
iurbid or opalescent (owing to precipitation of coppc*r butyrate), 
3 ut forms after a time oily drops, which gradually pass into a bluish- 
vhite crystalline deposit. 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — ^The zinc in this salt is estimated 
jravimetrically by conversion into oxide*, ZnO. About 0*5 gramme 
8 weighed in a crucible, ignited, cooled, moistened with a little 
oncentrated nitric acid, ignited again, and weight‘d : 

(C 4 H, . C 00 )aZn, 2 H 20 ^ ZnO, 

303*5 grammes IS 81 '5 grammes. 

?he Pharmacopoeia requires that zinc valerianate, treaU*d in this 
iray, shall yield between 26 and 27 per cent of zinc oxide. 



CHAPTER IX 

COMPOUNDS OP IRON, ALUMINIUM, AND CHROMIUM 

IRON AND ITS COMPOUNDS 
Fe (Atomic Wt. =56) 

Iron is one of the most commonly occurring motaJs. It is not 
generally met with in the free state, but its ores are widely dis- 
tributed in Nature, and include red haematite, FcjOg, brown haematite, 
2 Foj 03 , 3 HaO, magnetic iron ore, Fe 304 , spathic iron ore, FeCOg, iron 
pyrites, FeSa, and copper pyrites, CuSjFeaSa. 

Iron forms two series of salts — ^tho ferrous salt^, derived from 
ferrous oxide, FeO, and the ferric salts, derived from ferric oxide, 
FcjOj. The ferrous salts, on exposure to air, usually become 
slowly oxidised to ferric salts. 

Extraction, — Iron is generally manufactured from red or brown 
hjematite. The previously calcined ore is smelted in a blast furnace 
with coke and Umostone, whereupon the carbon of the coke is 
oxidised by the air blast to carbon monoxide, and this reduces the 
iron oxide to the metal : 

Fe203+3CO=2Fo+3C03. 

The limestone combines with the siliceous matter present in the 
ore to produce a fusible slag, which forms the upjxir layer of a molten 
mass that collects at the bottom of the furnace. The lower layer 
of the mass consists of molten iron, and this is run off at intervals 
into moulds of sand, the product being known as pig iron or cast iron. 

The chemical changes that occur in the blast furnace are complex 
and too technical to be considered hero. Pig iron is. very impure, 
containing from 2 to 6 per cent of carbon, together with varying 
quantities of manganese, silicon, sulphur, and phosphorus, and is 
converted by various methods into steel or wrought iron. 

Wrought iron is the purest commercial form of iron, and is 
prepared from ^ig or cast iron by melting in a reverberatory furnace 
fined wiiii ferno oxide, when most of the impurities in the iron 
become oxidised, the carbon escaping as carbon dioxide and the 
remaining impurities combining with tne ferric oxide to form a slag. 
During this process the mass of iron becomes “ pasty ”, owing to 
1 122 
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the fact that wrought iron melte at a higher temperature than pig 
iron. The product is removed from the furnace in largo Jumps and 
freed from »ag under the steam-hammer. 

Wrought iron, unlike cast iron, is both malleable and ductile, 
and can be formed into wire, sheets, nails, etc. 

General Tests for Iron. — (1) Solutions of ferric salts yield a 
dark blue precipitate (Prussian blue*) with potassium ferrocyanide 
solution : 

4FeCl3 + 3K4Fe(CN)3 - 12KC1 + Fo4[Fe(CN)e]3. 

Ferrous salts yield this blue precipitate only after oxidation to the 
ferric state, this being done usually by warming with nitric acid. 
But ferrous salts do yield with potassium ferrocyanide a white to 
greenish-blue precipitate, gradually becoming darker in colour 
owing to oxidation. 

(2) Ferric salts yield with potassium thiocyanate a wine-red 
coloration, due to the production of soluble ferric thiocyanate : 

FcClj + 3KSCN = 3KCI + Fe(SCN)3. 

« 

Ferrous salts only yield this coloration after oxidation. 

(3) Ferric salts give a reddish - brown precipitate of ferric 
hydroxide on the addition of ammonium hydroxide or sodium 
hydroxide : 

F0CI3 +3NH4OH *Fe(OH)3 + 3NH4CI. 

Ferrous salts yield a green precipitati^ of ferrous hydroxide with 
these reagents, and, since precipitation is incomplete, it is neces- 
jary to oxidise the salt U) the ferric state by means of nitric 
icid before attempting to remove the iron from a solution by this 
nethod. 

(4) Ferrous salts give a dark blue prccipitaU? (Turnbull’s blue) 
ivith {K)ta.ssium ferricyanidc (p. 30(>). 

(5) Ammonium sulphide produces with ferric or ferrous salts in 
leutral or alkaline solution a black precipitate of ferrous sulphide, 
?’eS. 


FERRUM 

Iron 

Iron of the Pharmacopoeia is annealed wrought iron wire having 
t diameter of about 0*1 mm. (about No. 35 wire gauge), or wrought 
ron nails. Both of these should be free from any coating of 
•xide. 

It usually consists of about 99*5 per cent of metallic iron, with 
>nly minute traces of carbon, silicon, sulphur, phosphbrus, an|l 
Tsenic. Specific gravity, 7*6 to 8*14. 

Arsenic Limit — 200 parts per million (p. 176). 
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FERRUM REDACTUM 

Reduced Iron 

This is required to contain not less than 80 i)er cent of Fe, with 
a variable amount of iron oxide. 

Preparation. — Reduced irpn is prepared by the reduction of 
ferric oxide or hydroxide with hydrogen : 

FegOg + 3 H 2 = 2Fe + 3HaO. 

Ferric hydroxide is freshly precipitated by adding excess of am- 
monium hydroxide to ferric chloride solution, and the precipitate 
collected and dried* The hydroxide is introduced into a wrought 
iron tube, through which is passed a stream of hydrogen, previously 
dried by means of calcium chloride, the tube being maintained at 
a dull red heat in a furnace throughout the ixjriod of the reaction. 
When reduction is complete, the tube is allowed to cool and the 
reduced iron withdrawn, to be transferred to a dry, well -stoppered 
bottle. 

Properties. — A fine, greyish-black powder, which is strongly 
attracted by a mdgnet, and produces metallic streaks when rub&d 
in a mortar. It dissolves in hydrochloric acid with evolution of 
hydrogen and formation of ferrous chloride. 

Tests for Impurities. Limit of Insoluble Matter. — Not more 
than 1 per cent should bc^ insoluble in hydrochloric acid. 

Sulphide . — ^Tho gas evolved on treatment with hydrochloric acid 
should have no odour of hydrogen sulphide, and should not darken 
load acetate paper. 

Arsenic Limit . — 200 parts per million (p. 170). 

Quantitative Estimation. — ^The pharmacopocial method of estima- 
tion is of considerable interest, and provides a simple method for 
determining the metallic iron in the sample, exclusive of any oxide 
that may be present. The method depends upon the fact that 
metallic iron is able to displace copper from copper sulphate solu- 
tion. Weigh about 0*25 gramme of the powder and add to a hot 
solution of 1*25 grammes of copper sulphate in about 20 mils of 
water contained in a small flask. Heat the mixture for about ten 
minutes, shaking occasionally. Filter as rapidly as possible from 
the precipitated copper, avoiding undue exposure to air, rinse the 
flask with a small quantity of water, and pour this over the filter. 
Acidify the mixed filtrate and washings with dilute sulphiuic acid, 
and titrate with N/10 potassium permanganate solution : 

Fe 4" CUSO 4 =a FeSO^ -h Cu, 

2 KMn 04 + 10FeSO4 + 8 H,S 04 

= 5Fe,(S04)5 + 2MnS04 + K JSO 4 + SH.O, 
2 KMn 04 s 10 FeSO 4 s lOFe, 

316 s 10 X 66 of Fe, 

1000 mils of N/1 KMn 04 s 66 grammes of IV, 

1 mil N/10 KMn 04 s 0*0066 gramme of Fe. 
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FER7II SULPHAS 

Ferrous Sulphate, FeS04,7H,0. (Mol. Wt. «278) 

This is requiretl to contain not less than 97*5 per cent of 
FeS04,7H,0. 

Preparation. — It is prepared by addi^ excess of iron to dilute 
sulphuric acid, and, on the cessation fit ef^rvescence, concentrating 
by boiling, and then filtering from the undissolved iron ; 

Fe + H2S04«FeS04+Ha. 

The filtrate is allowed to cool, and the resulting crystals dried on 
l)orous plates. • 

Properties. — Pale gi*oen, rhombic prisms, with an astringent 
taste. Soluble more than 1-2 in previously boiled and cooled 
water, forming a solution wliich is acid, owing to hydrolysis ; in- 
soluble in alcohol (90 }x»r cent). When a strong aqueous solution 
is poured into alcohol, the salt is precipitated in very small crystals, 
known commercially as “ granulated ** ferrous sulphate. Ciystals 
of ferrous sulphate effloresce in dry air, and on exposure to moist 
air slowly oxidise, becoming coated with a brown, basic ferric 
sul]diate. When heated, ferrous sulphate loses 6 molecules of 
water at 100° ; and on strong ignition, it evolves water and oxides 
of sulphur, leaving a residue of ferric oxide : 

2FeS04,H20 - Fe A + SO3 + SO, + 2HaO. 

Tests for Impurities. Copper. — Boil an aqueous solution with 
excess of nitric acid to oxidise the salt to the ferric state ; cool, 
add excess of ammonium hydroxide, and filter. The filtrate should 
have no blue tinge and should give no brown colour on acidifying 
with acetic acid and adding a few drops of potassium ferrocyanide. 

Ziric. — Boil with nitric acid, add excess of ammonium chloride 
and ammonium hydroxide, filter off the precipitated ferric hydroxide, 
and add ammonium sulphide to the filtrat<‘, when there should be 
10 precipitate. 

Basic Ferric SulpJuUe. — ^When dissolved in 2 parts of previously 
boiled and cooled water, the solution should bo perfectly clear. 

Arsenic Limit. — 2 parts per million (p. 176). 

Quantitative Estimation. — ^The salt is estimated by oxidation 
x> ferric sulphate, using standard potassium permanganate in 
presence of diluto sulphuric acid. Weigh about 3 grammes, dis- 
lolve in about 50 mils of dilute sulphuric acid, and dilute to 100 
nils. Titrate jmrtions of 20 mils with N/10 potassium permanganate 
olution : 

JKMnO, + 10FeSO4 + 8H,S04 

K,S04 + 2MnS04 + 5Fe,(S04), + 8H,0 
2KMn04s 10FeSO4,7H,O, 

316 s 10 x 278, 

1000 mils N/1 KMn04s278 grammes of FeS04,7H,0, 

1 mil N/10 KMnO4 = 0 0278 gramme of FeS04,7H,0. 
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Ferrl Sulphas Exslocatus. Exskcgted Ferrous This 

substance consists of ferrous sulphate deprived of part of its water 
of crystallisation. It is required to contain not less than 77 per 
cent of FeS 04 . • 

Preparation. — Crystallised ferrous sulphate is heated on a 
water-bath, witH constant stirring, until it has lost the requisite 
amount of water. 

Properties . — ^A greyish - wliite powder, slowly but completely 
soluble in water. In other respects it resembles crystalline ferrous 
sulphate. When used in dispensing, 8 parts of the exsiccated salt 
may bo accepted as the equivalent of 13 parts of the crystalline 
salt.* 

It should be free from the impurities mentioned under Fern 
Sulphas. 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation . — It is estimated as described under 
Forri Sulphas, employing about 2 grammes of the salt. 


LIQUOR FERRI PERGHLORIDI FORTIS 

Strong Solution of Ferric Chloride 

Ferric chloride is a very hygroscopic solid which is not suitable 
for pharmaceutical purposes in its ordinary state, and which, on 
solution in water, gives rise to basic salts by hydrolysis. For 
those reasons it is only included in the Pharmacopoeia in the form 
of a specially prepared acid solution of definite strength. 

Preparation. — It is prepared by dissolving iron in hydrochloric 
acid and oxidising the resulting ferrous chloride to the ferric state 
by means of nitric acid. Iron (70 parts) is treated with a mixture 
of concentrated hydrochloric acid (250 parts) and water (140 parts) 
and heated in a flask on a wire gauze until effervescence has ceased. 
The liquid is then boiled to expel all gases, filtered from the un- 
dissolved iron, and the flask and filter washed with water to obtain 
the whole of the ferrous chloride. To the mixed filtrate and 
washings is added concentrated hydrochloric acid (140 parts) and 
the solution poured in a slow, continuous stream into concentrated 
nitric acid (30 parts), oxidation being promoted, if necessary, by 
gently warming. The resulting solution is then concentrated by 
evaporation until a precipitate of basic ferric chloride commences 
to form. This is redissolved by the addition of concentrated 
hydrochloric acid (20 parts), and then the product is diluted to 360 
parts or to the proper specifio gravity. 

The reactions may be explained as follows. When excess of 
iron is treated with hydrochloric acid, a solution of ferrous chloride 
is obtained and hydrogen evolved : 

Fe+2Ha-Fea,+H,. 

More hydrochloric acid is then added to the filtered liquid in order 
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to provide the chlorine ions i^cessary for the subsequent oxidation 
to the ferric state. Nitric acid is an effective oxidising agent and 
very convenient to use in this case, owing to the volatility of its 
decom^sition products (oxides of nitrogen), no foreign substances 
remaining in the final product. Two molecules of nitric acid, in 
the presence of a reducing agent, decompose thus : 

2HNO3— >H,G + NA, 

NA— >2N0 + 36. 

Each atom of oxygen is able to oxidise 2 molecules of ferrous 
chloride, according to the equation : • 

2Feaa + 2HC1 + 6 =2FeCl3 + H3O, 

and 3 atoms of oxygen will in this way oxidise 6 molecules of ferrous 
chloride, so that the whole may bo combined into the one equation : 

GFeGa + 6HC1 + 2HNO3 = + 4H3O + 2NO. 

Properties. — A strongly acid, orange -brown solution, with a 
very £^trin^nt taste. Miscible with water and alcohol (90 per 
cent) in all proportions. The Pharmacopoeia gives the specific 
gravity as about 1*49, but a more usual figure is about 1*46. 

Teste for Impurities. Copper. — Add excess of ammonium 
hydroxide and filter. The filtrate should have no blue tinge, and 
after acidifying with acetic acid should give no brown coloration 
with potassium ferrocyanide. 

Lead. — ^There should be no turbidity on adding alcohol and 
dilute sulphuric acid. 

Ferrous Salts. — The diluted solution should give no blue pre- 
cipitate on the addition of potassium ferricyanide. 

Add nitric acid and boil, then add ammonium chloride 

and excess of ammonium hydroxide. Filter, and test the 

filtrate for the remaining metallic impurities. 

Zinc. — Add ammonium sulphide, when there should bo no 
precipitate. 

Calcium. — The addition of ammonium oxalate should produce 
no precipitate. 

Sodium and Potassium. — Evaporate a little of the solution to 
dryness and apply the flame test to the residue, using an inoigo 
prism if necessary. 

Ammonium. — Add to the liquor excess of sodium hydroxide, 
and boil. Test the evolved vapours with turmeric paper (p. 32). 

Nitrate (Limit of), — ^To a well-cooled mixture of equal volumes 
of concentrated sulphuric acid and a 1-10 dilution of the liquor, 
add a clear crystal of ferrous sulphate. The crystal should not 
become brown, nor should a brownish-black colour develop around it. 

Arsenic Limit. — 10 parts per million (p. 176). • 

QuantiUitlve Estimation.— ^e iron is estimated by precipitatioft 
as hydroxide and ignition to ferric oxide. Measure 5 mils frop 
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a burette, dilute to about 80 mils, and add excess of ammonium 
hydroxide. Filter off the precipitate, wash free from chloride, and, 
without preliminary drying, place the filter and contents in a crucible 
and ignite, gently at first, and finally to bright •redness. Allow to 
cool, weigh, and repeat the ignition imtil the weight is constant : 

FeCl, + 3NH4OH = 3NH4a + Fe(OH)8, 
2Fe(0H)‘3=Fea08 + 3H20, 

Fe203 = 2F6, 

IfK) grammes s 2 x 66 grammes of Fe. 

The^ Pharmacopeia requires that the ignited precipitate from 
5 mils of the liquor should weigh 1*42 gramme, corresponding to 
20 per cent wjv of iron, Fe. 

Liquor Ferrl Perchloridi. Solution of Ferric Chloride . — ^This is 
made by diluting 1 volume of the strong solution to 4 volumes with 
water. 

Tlnctura Ferrl Perchloridi. Tincture of Ferric Chloride. — ^This . 
is made by mixing 1 volume of the strong solution and 1 volume of 
alcohol (90 per cerft), and then diluting to 4 volumes with water. 


LIQUOR FERRI PERSULPHATIS 

Solution of Ferric Sulphate 

This solution is included in the Pharmacopoeia solely as a source 
from which freshly precipitated ferric hydroxide may be obtained 
for use in other preparations. 

Preparation. — ^Ferrous sulphate (400 parts) is dissolved by aid 
of heat in a mixture of sulphuric acid (37*6 parts) and water (600 
parts). This solution is then added to a previously warmed mixture 
of nitric acid (37*6 parts) and water (100 parts). The mixture is 
concentrated by boiling imtil there is a sudden evolution of reddish- 
brown fumes, and the black liquid becomes red. A few drops of 
the liquid are now tested for ferrous salt with potassium ferri- 
cyanide, and if any be present, a little nitric acid is added and the 
boiling repeated . Finally, the solution is allowed to cool, and diluted, 
if necessary, to 660 parts. 

The reactions may be explained as follows : The ferrous sulphate 
is dissolved in sulphuric acid solution to provide the necessary 
sulphate ions for oxidation to the ferric state. The oxidation is 
brought about by nitric acid in a similar manner to that described 
under Liquor Ferri Perchloridi : 

2FeS04 + H8SO4 + O ** Fe3(S04)3 + H3O, 

01 expressing the recMJtion by the usual equation : 

6 FeS 04 + 3 H 3 S 04 + 2HNO3 - 3 Fe 3 (S 04)8 + 4H3O + 2 NO. 
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The nitric oxide is not liberated at once, but is absorbed by the 
ferric sulphate solution to form an unstable, dark>coloured com- 
pound ; as the heading is continued, this compound is decomposed, 
with sudden evolution of the nitric oxide. 

Properties. — An inodorous, dark red solution with an acid 
reaction. Miscible in all proportions with water and with alcohol 
(90 per cent). Specific gravity, about 1*441. 

Tests for Impurities. Ferrous Salts.— Hest as under Liquor 
• Ferri Perchloridi Fortis. 

Arsenic Limit . — 6 parts per million (p. 176). 

Quantitative Estimation. — ^The iron is estimated as described 
under Liquor Ferri Perchloridi Fortis, employing the same quantity : 

^02(804)3 + 6NH4OH =2Fo(OH)3 + 3 (NH) 4 S 04 , 

2Fe(0H)3 = Fe 203 + 3H20, 

Fe 203 = 2Fe, 

160 grammes = 2 x 56 grammes of Fe. 

The Pharmacopoeia requires that the ignited precipitate obtained 
from 6 mils of the liquor shall weigh 1*04 grammes. 


SYRUPUS FERRI lODIDI 

Syrup of Ferrous Iodide 

Preparation. — Iron wire (15 parts) and iodine (41*4 parts) are 
added to 50 parts of water contained in a small, wide-mouthed, 
loosely corked flask, the mixture being shaken at intervals and very 
gently warmed, or cooled, as may be necessary. At first a trace of 
the iodine dissolves in the water, and this reacts with some of the 
iron to form ferrous iodide (in a solution of which iodine is readily 
soluble) ; whereupon considerably more iodine dissolves and a pro- 
portionately large portion of the iron is attacked with formation of 
more ferrous io£de and generation of heat : 

Fe-fI, = Fel2. 

When the reaction is complete (as shown by the change of colour 
from brown to a dirty green), glucose (100 parts) is added, the liquid 
heated on a water-bath for five minutes with frequent shaking, and 
then filtered into a flask containing about 500 parts of syrup. The 
flask is rinsed with 25 parts of boiling water, which is poured over 
the filter and added to the main filtrate, the weight of the whole 
beiM then adjusted to 1000 parts with more syrup. 

The glucose is included in the preparation on account of its 
l»ing a powerful reducing a^nt, thus serving to retard the oxida- 
tion which the ferrous iodide is liable to undergo on koepi^ for 
any length of time. oxidation results in the formation of 

ferric oxyiodide and free iodine, the preparation gradually assuming * 
a brown colour : 


2FeI, + 02*2Fe0I+I.. 
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This change takes place fairly rapidly, even in the presen^ of 
glucose, and the syrup should only be stored in such quantities as 
are likely to be used quickly. . 

The filtration of the liquid to which the glucose has bwn added 
is very slow, and when time is an important factor it is not an 
uncommon practice for only half the glucose to be dissolved in the 
liquid to be filtered, the remrfinder being dissolved in the syrup in 
which the filtrate is received. This course seems to be open to no 
particular objection. 

Quantitative Estimation. — The ferrous iodide is estimated by 
pretipitation with excess of standard silver nitrate solution and 
back-titrating with standard ammonium thiocyanate solution. 
Weigh about 20 grammes of the syrup and dilute to 100 mils. To 
portions of 20 mils add nitric acid and 20 mils of N/10 silver nitrate 
solution. Determine the volume of silver nitrate used by adding 
a few drops of ferric sulphate solution (as indicator) and titrating 
with N/10 ammonium thiocyanate until a permanent red coloration 
is obtained. By subtracting the number of mils of thiocyanate 
required from the volume of silver nitrate solution added, the number 
of mils of silver nitrate solution required by the ferrous iodide is 
found : 

AgNOa + NH^SCN - AgSCN + NH4NO3, 

2AgN03 + Fela = 2AgI + FeCNOa)^, 

2 AgN 03 sFel 3 , 

2x170-310, 

1000 mils N/1 AgNOg- 156 grammes of Fel^, 

1 mil N/10 AgNOgS 0*0155 gramme of Felg. 

Syrupus Ferrl Phosphatis. Syrup of Ferrous Phosphate. — ^This 
is m(^e by adding iron wire (8*6 parts) to 62*6 parts of concentrated 
phosphoric acid, diluted with an equal volume of water, and con- 
tained in a small flask. The mixture is gently heated until all the 
iron has dissolved, care being taken to avoid undue concentration, 
and the resulting solution of ferrous phosphate filtered into 700 
parts of syrup, the flask and filter being washed with sufficient water 
to produce 1000 parts of final product : 

3Fo + 2H3PO4 = Fe3(P04)3 + 3H3. 

On keeping, the syrup becomes brown in colour, owing to 
oxidation of the ferrous salt to the ferric state. 

It contains 1*8 per cent of anhydrous ferrous phosphate. 

Syrupus Ferrl Phosphatis oum Qulnlna et Stryohnlna. Syrup of 
PhospheUe of Iron with Quinine and Strychnine. Unofficial Syns. 
Easton's Syrup; Syrupus Tri-phosphatis. — A solution of ferrous 
phosphate is prepared, in the same manner, and of the same 
* strength, as Syrupus Ferri Phosphatis, but in this case the 
unfiltered contents of the flask are added to 0*67 parts of strychnine 
\md 14*80 parts of quinine sulphate, which have been triturated 
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previously with 30 parts of water. These substances dissolve 
rei^ily in the acid liquid, the strychnine forming strychnine 
phosphate. When solution is complete, the liquid is hltem into 
700 ^rts of syrup, sufficient water being passed through the filter 
to produce 1000 parts. 

This syrup has a blue fluorescence when freshly prepared, but 
on keeping b^omes brown in colour, owning to the oxidation of the 
ferrous phosphate. 

It is somewhat different from the original formula of Easton, in 
which the ferrous phosphate was precipitated from ferrous sulphate 
solution by means of sodium phosphati\ • 

The syrup contains 1*8 per c<mt Wj'v of anhydrous ferrous 
phosphate, 1*48 per cent w/v of quinine sulphaU^ and 0*057 per 
cent w/v of strychnine alkaloid. 


FERRI PHOSPHAS SACCHARATUS 

Saccharated Iron Phosphate 

This consists of ferrous phosphate, ferric phosphate?, and some 
iron oxide, mixed with glucose. It is requirt*d to contain not less 
than 60 per cent of ferrous salts calculated as Fe 3 (PO-)j, 8 HgO. 

Preparation. — Ferrous sulphate (120 parts) is dissolved in a 
solution of 20 parts of glucose in 400 parts of water. This solution 
is added to another solution containing 1 10 parts of sodium phosphate 
in 400 parts of water, continuous stirring bi'ing maintainea. To the 
mixed liquids a solution of 50 parts of scSiium carbonate in 400 parts 
of water is added, and the precipitated fcTrous phosphate allowed 
to subside. 

When the ferrous sulphate solution is adfled to the sodium 
phosphate solution, free sulphuric acid is formed, and this prevents 
the complete precipitation of the ferrous phosphate : 

3FeS04 + 2 NajHP 04 = FcsCPO^), + 2 Na,S 04 + HjSO*. 

This difficulty is overcome by making tht? solution alkaline with 
sodium carbonate, the sulphuric acid being neutralised. 

The precipitate is washed free from most of the stdphato by 
decantation with two successive quantities of water (washing on a 
filter is not permissible owing to the ease with which the salt becomes 
oxidised in air). The precipitate is finally mixed with 20 parts of 
glucose in order to retard oxidation as far as possible, and dried in 
a water-oven. When dry it is powdered and preserved in a glass- 
stoppered bottle. 

Properties. — A slate-blue, amorphous powder with a sweetish, 
chalyb^te taste. Partially soluble in water, completely soluble in 
dilute hydrochloric acid. The hydrochloric acid solution gives deep 
blue precipitates with both potassium ferrocyanido and potassiuof 
ferric^^ide, showing the presence of ferric and ferrous iron. When 
tartaric acid is added to the hydrochloric acid solution, followed b^ 
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6X0688 of ammonium hydroxide, then n&gnesium ammonio-sulphate 
solution, a white precipitate of magnesium ammonium phosphate, 
is obtained. The tartaric acid prevents the precipitation of the 
iron as hydroxide or phosphate. 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — ^It is not permissible to estimate the 
iron present by oxidation with acidified potassium permanganate 
owing to the presence of the glucose, which would reduce this 
reagent. The iron is therefore estimated by oxidation to the 
ferric state with potassium dichromate in presence of phosphoric 
add.* The end point is determined by withdrawing drops of the 
liquid from time to time on a clean glass rod, and adding to drops 
of potassium ferricyanide exposed on a white tile. The liquid 
ceases to yield a blue precipitate with the ferricyanide when all 
the ferrous salts have been oxidised. When carr3dng out this 
estimation it is advisable to perform a rough preliminary titration 
in order that it shall not be necessary to withdraw an undue quantity 
of liquid. Weigh about 3 grammes, dissolve in excess of warm 
concentrated phosphoric acid, allow to cool, and dilute to 100 mils 
with water. Titrate portions of 20 mils with N/10 potassium 
dichromato : 

2Fe3(P04) j + KjOjO, + 6H3PO4 

= 6 FeP 04 + 2 CrP 04 + K2HPO4 + 7HaO, 
K3Cr30,s2Fe3(P04)3,8H20 
294 = 2 x 502, 

O y KAO 

1000 mils N/1 ==167 grammes of Fe8(P04)3,8H,0, 

1 mil of N/10 KjCtjO^s 0*0167 gramme of Fe3(P04)2,8H20. 


FERRI CARBONAS SACCHARATUS 

Saccharated Iron Carbonate 

This consists of more or less oxidised ferrous carbonate mixed 
with glucose. It is required to contain not less than 50 per cent 
of ferrous salts calculated as ferrous carbonate, FeCOg. 

Preparation. — Ferrous sulphate (97*5 parts) is ^ssolved in a 
solution of 15 parts of glucose in 300 parts of water. This solution 
is added to another solution containing 105 parts of sodium car- 
bonate in 150 parts of water, stirring constantly. Water (400 
parts) is then added, and the precipitate of ferrous carbonate 
allowed to subside : 

FeS04 + NajCOj = FeCO, + Na2S04. 

The Bupematant liquid is decanted and the precipitate washed 
by decantation with two further quantities, each of 400 parts, of 
water (washing on a filter is not permissible owing to the ease with 
’^oh the salt becomes oxidised in air). The precipitate is next 
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mixed with 15 parte of glti;M)8e. dried in a water>oven. powdered, 
and transferred to a glass-stoppered bottle. 

Properties. — menish-brown powder with a feebly chalybeate 
taste. Soluble with effervescence in hydrochloric acid diluted with 
half its volume of water. 

Arsenic Limit . — 5 parts per million (p. 170). 

Quantitative Estimation. — It is* estimated by oxidation with 
standard potassium dichromato in precisely the same manner as 
described for Ferri Phosphas Saccharatus, using the same indicator, 
and employing the same quantity of substance : 


OFeCO, + 2H3PO4 = Fe,(P04)j + 3 H ,0 + 3 CO„ 
2Fe3(P04), + KjCrjO, + 5H3PO4 

= 0FePO4 + K JHPO 4 + 2CrP04 + 7H,0, 
KjCrjO^sOFeCOs, 

294^6x116, 

1000 mils N/l KgCrjO^s 116 grammes of FeCOj, 

1 mil N/10 KjCtjO^-O OHO gramme of F 0 CO 3 . 


Scale Preparations of Iro;^ 

The thrt'c compounds about to be descrilxd art^ the official 
representatives of a class of com)x>ut)(lH comprising iron salts of 
organic acids, together with other substances, produced in the form 
of flat, glistening, angular flakes or “ scales ”, The scales are 
prepared by evaporating a solution of the substance or substances 
to a syrup and painting this on glass plati^s. The film is allowed 
to dry in a dust-free atmosphere and then scraped off. The scales 
must not be regarded as crystals, for they have no deiinite structure 
or definite geometrical shaj)e. 

The extensive employment of scale compounds of iron in medicine 
is based upon their lack of astringency compared with ordinary 
compounds of iron, and the fact that they may Ix^ dispensed with 
alkaline carbonates or ammonium hydroxide without precipitation 
of the iron, sincx^ the precipitation of ferric hydroxide by ammonium 
hydroxide is inhibited by the presence in the solution of certain 
organic compounds containing — OH grou[)s, such as tartaric acid 
and citric acid ; but, of course, when an alkali is added to a solu- 
tion of a scale compound which contains an alkaloidal salt in 
addition to the iron compound — Ferri et Quininss Citras, for example 
— the free alkaloid is precipitated even though the iron is not. 


FERRI ET AMMONII CITRAS 

Iron and Ammonium Citrate 

• 

Preparation. — ^The first step is the preparation of freshly preci(4- 
tated ferric hydroxide by adding 200 parts of Solution of Ferric 
Sulphate, dilated with 800 parts of water, to 320 parts of Solution 
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of Ammonia diluted with 800 parts of water, brisk stirring being 
maintained igdna the mixing of the liquids. Care must be taken 
to leave the nquios alkaline as indicated by the odour of ammonia, 
and to mix the liquids in the order described, for, if the ammonia 
solution be added to the ferric sulphate solution, some basic sulphate 
is precipitated, which, being sparingly soluble in citric acid, prevents 
the formation of transparent scales : 

^62(804)3 + 6NH4OH = 2Fe(OH)8 + 3(NH4)2S04. 

The precipitate is washed free from sulphate by stirring with 
a large volume of water, allowing to settle, and siphoning ojBE the 
supernatant liquid, this process being repeated severe times. 
The washed precipitate is collected on a calico filter, squeezed to 
remove most of the water, and added to a solution of 80 parts of 
citric acid in an equal quantity of water, kept warm on a water- 
bath. The mixture is stirred until nearly the whole of the hydroxide 
has dissolved. If all of it dissolves, more is prepared in the manner 
described above, and this added also, the object being to ensure the 
presence of more than sufficient ferric hydroxide to combine with the 
whole of the citric a^id. The solution is cooled, 110 parts of Solution 
of Ammonia added, and the liquid filtered through flannel. On the 
large scale, the ferric hydroxide is washed in a filter press. 

Fe(OH)3 + H3C4H3O7 = FeaHjO, -H SH^O, 

FeCeHjOy + 3NH4OH = Fe(OH)3 + 

The ferric hydroxide shown in the last equation does not apjx^ar 
in the form of a precipitattj, but is retained in solution by the 
ammonium citrate, poSsibly owing to the formation of a double 
salt, ferric ammonio-citrate. The filtered liquid is evaporated to 
a syrupy consistence, the presence of a slight excess of ammonia 
being maintained, the syrup painted on glass plates and dried in a 
dust-free atmosphere at a temperature not exceeding 40°, the 
dried film being afterwards scraped off as flakes. 

Properties. — ^Thin, dark red, transparent scales, with a slightly 
sweet and astringent taste. Very hygroscopic. Soluble 1“0*5 in 
water, almost insoluble in alcohol (90 per cent). The aqueous 
solution is slightly acid. 

Tests for Impurities. Fixed Alkali . — When ignited it should 
l^ve an ash, which, on moistening with water, is not alkaline to 
litmus. This test is designed to detect the use of sodium or potassium 
hydroxides instead of ammonium hydroxide as precipitants of the 
ferric hydroxide. It is very difficult to Wc^sh the precipitate free 
from these impurities, and consequently they appear in the final 
product as sodium or potassium citrates, which on ignition 3ield 
the corresponding carbonates. 

Sulph ^. — ^The addition of dilute hydrochloric acid, followed 
by barium chloride, to a dilute aqueous solution should produce 
not more than a slight turbidity. 

• Tartrate . — ^A 1-10 solution, heated with a slight excess of 
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potassium hydroxide, evolves ammonia and yields a precipitate 
of ferric hvdjroxide. On filtering, the filtrate, acidified ^ith acetic 
acid, should yield no crystalline precipitate of potassAi hydrogen 
tartrate. This test serves to distinguish Ferri ct Ammonii Citras 
from Ferri et Potassii Tartras, in edition to detecting any sub- 
stitution of the cheaper tartaric acid for some or all of the citric 
acid. 

Arsenic' Limit . — 5 parts per million (o. 176). 

Quantitative Test. — When incinerated in air, it is required to 
leave between 31 and 32 per cent of ash, this consisting of ferric 
oxide, FcjOj. 

FERRI ET QUININ/B CITRAS 

Iron and Quinine C'itrate 

Preparation. — A solution of 40 parts of cpiinine sulphate is 
prepared by mixing the salt with 320 }>arts of watcT ana guiding 
00 parts of dilute sulphuric acid. Slight excess of Solution of 
Ammonia is added to this, the precipitate of cjuinine alkaloid col- 
lected on a filter, and washed free from sulphate* with 1200 parts 
of water. Freshly ])repared ferric hydroxide iff then precipitated 
from 180 parts of Solution of Ferric Sulphate, as descril)cd under 
Ferri et Ammonii ('itras, and added to a solution of 123 parts of 
citric acid in an equal quantity of waUT, kept warm on a water- 
bath. When the hydroxide has dissolved, the precipitate of quinine 
is added and the mixture stirred until this also has dissolved. The 
liquid is allowed to cool, and a mixtun^ of 60 parts of Solution of 
Ammonia and 80 parts of water added in small (piantities at a 
time, stirring briskly, and allowing the precipitate of quinine which 
first appears to dissolve before the next addition. The ammonia 
is added to nearly neutralise the ex(*ess of citric acid, so that the 
final product consists of a solution of ferric hydroxide in ammonium 
citrate (p. 134), together with quinine citraU\ The solution is 
filtered, evaporated to a syrupy consistence, and the syi^p painted 
on glass plates and dried at a temperature not exceeding 40®, the 
restating film being scraped off to form flakes. 

Properties. — Thin, somewhat dcliquescf*nt scales of a greenish- 
yellow colour with a bitter chalybeate taste. Soluble 1-0*6 in 
water, the solution being slightly acid. The a(}ueous solution 
yields a blue precipitate with both jKdassium ferrocyanide and 
ferrioyanide, showing the presenct? of ferrous and ferric iron. The 
ferrous iron is present owing to the fact that citric acid is in excess 
throughout the manufacture of the scjales, causing the reduction 
of some of the ferric iron. It is due to the presemee of ferrous salt 
that this preparation has a greenish-yellow colour, whereas the 
colour of Iron and Ammonium Citrate, which contains only ferric 
iron, is brownish-red. The aqueous solution yields a precipitate 
of ferric hydroxide and quinine with potassium hydroxide, and a 
precipitate of quinine with ammonium hydroxide. 
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Tests for Impurities. Fixed Alkeli . — ^Test as under Ferri et 
Ammonii Citras. 

Cinchona Alkaloids other than Quinine . — The precipitate 
obtained on addition of ammonium hydroxide to the aqueous 
solution should be almost entirely soluble in a little ether ; when 
incinerated it should only leave a slight residue ; and when neutral- 
ised with dilute sulphuric ac^d it should yield the characteristic 
reactions of quinine sulphate (p. 395). 

Arsenic Limit . — 6 parts per million (p. 176). 

Quantitative Estimation. — When 5 grammes are dissolved in 
45 mils of water and treated with slight excess of ammonium 
hydfoxide, the white precipitate obtained, on being extracted with 
several quantities of chloroform, and these mixed and evaporated, 
should weigh not less than 0*75 gramme when dried at 110°. 

Before attempting this assay the student is recommended to 
read the chapter on Alkaloidal Assays, and to perform the pre- 
liminary experiment described on p. 407. 


FERRI ET POTASSII TARTRAS 

Iron and Potassium Tartrate 
Syns. Ferrum Tartaratum ; Tartarated Iron 

Preparation. — Ferric hydroxide is freshly precipitated from 
200 parts of Solution of Ferric Sulphate, as described under Ferri et 
Ammonii Citras. The precipitate is intimately mixed with 66*5 
parts of potassium hydrogen tartrate and the mixture allowed to 
stand for twenty-four hours. At the end of this time it is heated 
to 60°, and as much as possible dissolved in 600 parts of water with 
constant stirring : 

KHC 4 H 40 e + Fe(OH)3 « K(Fe 0 )C 4 H 40 e + 2HaO. 

The formula of the compound, it will be seen, is analogous to that 
of antimony potassium tartrate (p. 150). The solution of iron and 
potassium tartrate is filtered, evaporated at a temperature not 
exceeding 60° to a syrupy consistence, the syrup painted on glass 
plates and dried at a temperature not exceeding 40°, the resulting 
mm being scraped off to form scales. 

Properties. — ^Thin, transparent, garnet-red scales with a some- 
what sweetish and astringent taste. Soluble in water, but only 
Bpcuingly soluble in alcohol (90 pr cent). The aqueous solution, 
acidified with hydrochloric acia, gives a blue precipitate with 
potassium ferrocyanide (presence of ferric iron). A 1-10 solution, 
boiled with a slight excess of potassium hydroxide, gives a reddish- 
brown precipitate of ferric hydroxide, and the filte^ solution, on 
^ghtly atimfying with acetic acid, yields as it cools a crystalline 
precipitate of potassium hydrogen tartrate (distinction from Ferri 
e^ Ammonii Citras). 
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Arsenic Lifnit.~-5 parts per million (p. 176). 

Quantitative Estimation. — When the eoni|)ound is ignited it 
leaves a residue of ferric oxide and potassium carbonate. After 
washing away the carbonate with waU'r and again igniting, with 
free acct'ss of air, a residue of not less than 30 jkt vent of ferric 
oxide, FcjOj, should be obtained. 

ViNors Preparations of Iron 

Two of these are includc'd in the Pharmaeojxeia, although the 
first, Vinum Ferri, is now sc^ldom employed in medieine, owii^ to 
its variable strength and the time required for its prt‘paration. 


VINUM FERRI 

Iron Wine 

1 part of iron wiix* is macerated with 20 parts of sherry, when 
the acetic, malic, and tartaric acids prcstmt in the sherry slowly 
attack some of the iron with formation of soluble salts. The 
maceration is continued until the filt^Tcd liquid responds to the 
official quantitative test. 

In practice, the oi)eration is carried out in a Ktop]HTed vessel, 
from which the stop^KT is removed occa.sionally to allow access of 
air. The iron is kept only partially immersed in the sherry, so as 
to promote the formation of iron oxide, which is mor(‘ readily acted 
ui)on by the organic acids than is the nudal. The pro(!(‘8s occupies 
some thirty days. 

Quantitative Estimation. — The iron in the wine is estimated 
gravimetrically as ferric oxide, after decomiK)sing the organic acids 
by ignition. Mea.sure 50 mils, evai)oratc to dryness in a dish, and 
incinerate the residue. Boil the ash with concentrated hydrochloric 
acid diluted with an equal volume of water, filter, rinse the dish 
with a little water, and pour through the filter. To th<f mixed 
filtrates a<ld a little comen trated nitric acid to oxidise any ferrous 
salt, boil, add excess of ammonium hydroxide, and collect the 
precipitated ferric hydroxide on a filt(*r. Wash the precipitate 
with water until free from chloride, and, uithout separating from 
the filter-paper, ignite in a crucible, cool, and weigh, repeating the 
ignition until the weight is coastant : 

2Fe(0H)3 = Fej03^3H,(). 

Fe 303 = 2Fc, 

160 grammes = 1 12 grammes of Fe. 

The Pharmacopoeia requires that the residue obtained in this way 
from 60 mils of the wine shall weigh betw(‘en 0*089 and 0*216 
gramme, corresponding to 0*125-0*.300 per cent w/v of Fe.* 

Vinum Ferri Citratls. Wine of Iron Citrate . — This is prepared 
by dissolving 18 parts of iron and ammonium citrate in sumcieflt 

F2 
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orange wine to produee 1000 parts, ^The solution is shaken occa- 
sionally during three days and filtered. 


COMPOUNDS OF ALUMINIUM 
A 1 (Atomic Wt.= 27 ) 

The element aluminium, in the ^orm of its silicates, is the chief , 
constituent of the clays and felspars which form so large a proportion 
of the earth’s crust. The mineral kaolin ^ which has already been 
described (p. 49), consists almost entirely of hydrated aluminium 
silicate. Unfortunately, practical difficulties prohibit the economical 
extraction of this very useful metal from these sources, and, com- 
mercially, it is almost exclusively obtained from the mineral bauxite, 
Al, 03,21120, by an electrolytic process. 

General Tests for Aluminium. — ( 1 ) An aluminium compound, 
heated on a charcoal block in a blowpipe fiame, then moistened 
with cobalt nitrate solution and again heated, gives a blue mass 
(Thenard’s blue). ^ But a somewhat similar colour is given by 
certain borates, silicates, phosphates, and arsenates. 

( 2 ) A solution of an aluminium salt yields with ammonium 
hydroxide a flocculent precipitate of aluminium hydroxide, Al(OH)3. 
Sodium hydroxide also produces a precipitate of aluminium 
hydroxide, but this is readily soluble in excess of the reagent owing 
to the formation of sodium aluminate, Al(ONa)8. The hydroxide 
is roprecipitated on adding ammonium chloride and boiling : 

Al(ONa)3 + 3NH4a = Al(OH)3 + 3 NaCl 4- 3NH3. 


ALUMEN PURIFICATUM 

Purified Alum 

The Pharmacopoeia permits the use of either 

Potassium alum, K|S04,Al2(S04)8,24H80, or 
Ammonium alum, (NH4)2S04,Al2(S04)3,24H30, 

under the name of purified alum. 

Preparation. — ^When a solution of potassium sulphate is mixed 
with a solution of aluminium sulphate, in molecular proportions, 
the liquids concentrated and allowed to crystallise, the product is 
a “ double salt **, consisting of 1 molecule of each salt crystallised 
together with 24 molecules of water, and belongs to the class of 
compounds called the alums. When potassium sulphate is emplo^d, 
the product is potassium alum ”, and when ammonium s^pnate 
is used, “ ammomum alum On the large scale the solutions of 
the proper strength are mixed and concentrated to a specific 
gravity which has been found by experience to give the best yield ; 
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the liquid is then transferrecf to a barrel to crratallise. After a time 
the staves are broken off, exposing a barrebshaped mass of alum 
crystals. A hole, is bored through this, the mother liquor in the 
centre run off to be further concentrated, and the mass is then 
broken up to form the familiar crystals of commerce. 

Properties. — Large, colourless, transparent, octahedral crystals, 
or crystalline masses, with a sweet, ^rery astringent taste, ^luble 
1-10 in water, the solubility increasing rapidly with rise of tempera- 
ture. The aqueous solution has an acid reaction owing to partial 
hydrolysis. The surface of alum crystals may sometimes be 
Slightly efflorescent, duo to the formation of basic ^alt, and? this 
should be removed by washing, and the crystals dried on filt<»r-paper 
before being used for official purposes. (\)mmercial powdered alum 
often contains considerable quantities of this impurity, and will 
not form a clear solution with water ; it should not bo employed 
for medicinal purposes. On heating, alum loses its water of crystal- 
lisation, and on strongly heating partially decomix)8es, with forma- 
tion of some sulphuric acid and a basic sulphate. 

Tests for Impurities. (To be applied to the aqueous solution.) 
Copper . — Add a few drops of nitric acid and boil, then add 
ammonium hydroxide in excess, and filter. The filtrate should 
have no blue tinge and, on acidifying with acetic acid and adding 
potassium ferrocyanide, should not acquire a brown colour. 

Lead. — Add ammonium hydroxide and potassium cyanide, 
then a drop of sodium sulphide, when there should bo no dark 
coloration. 

Iron . — Add nitric acid, boil, and add i)otas8ium ferrocyanide, 
when there should not be more than the slightest blue or green 
colour. 

Boil the solution with a few drops of nitric acid, and add 

ammonium chloride and excess of ammonium hydroxide. 

Filter off the precipitated aluminium hytiroxide and test the 

filtrate for the following metallic impurities : 

Zinc . — The addition of ammonium sulphide should produce no 
precipitate. 

Calcium . — Add ammonium oxalate, when there should be no 
precipitate. 

Sodium . — Apply the flame test to the dry salt. 

Arsenic Limit. — 5 parts per million (p. 176). 

Alumen Exslccatum. Exsiccated Alum . — This consists of 
potassium alum which has been deprived of its water of crystallisa- 
tion by means of heat. Ammonium alum cannot be employed, as 
it decomposes on heating. 

Preparation. — A weighed quantity of potassium alum is heated 
in a porcelain dish until it liquefies, when it is heated more»strongly, 
until water-vapour ceases to be evolved and the salt has lost front 
45 to 46 per cent of its weight. Care must be taken that the 
temperature does not rise above 200'’ during the process, or tUb 
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salt may be partially decomposed with* formation of sulphuric acid 
and some insoluble basic sulphate. 

Properties . — A white, amorphous powder, slowly but completely 
soluble 1-20 in water. 

Testa for Impurities . — It should be free from the impurities 
mentioned under Alumen Purificatum, and should be completely 
soluble in water, showing the absence of insoluble basic sulphate. 

Glycerinum Alumlnls. Glycerin of Alum . — 20 parts of alum are . 
dissolved in a mixture of 7-5 parts of wat<‘r and 120 parts by volume 
of glycerin by aid of very gentle heat, if necessary. The solution 
is set aside and the clear liquid poured off from any deposit of basic 
salt. It is advisable to select clean crystals of ammonium alum, 
wash in a little cold water, dry on a filter-paper, powder, and 
weigh, solution Ix'ing effected in a warm mortar. 


COMPOUNDS OF CHROMIUM 
, Cr (Atomic Wt. =62) 

The chief natural source of chromium is chrome iron ore, 
FoO,Cr. 20 j„ whi(;h is a heavy, black, insoluble mineral, and from 
this chromium is extracted in the form of chromate by roasting with 
alkalies in the presence of air. 

Only two compounds of chromium are official, and one of these, 
Potassii Bichromas, has already been dealt with (p. 63), 

General Tests for Chromium.— (1) A chromium salt, on fusion 
with sodium carbonate and a little potassium chlorate or nitrate 
(as oxidising agent), yields a yellow mass of sodium chromate. 

(2) A solution of a chromium salt gives, on addition of excess 
of ammonium hydroxide, a bluish-green precipitate of chromium 
hydro^de, slightly soluble in excess of the reagent with formation 
of a violet solution. The precipitate is not appreciably soluble in 
sodium hydroxide (distinction from aluminium), but when suspended 
in water, treated with excess of sodium peroxide, and boiled, it dis- 
solves to form a yellow solution of somum chromate (distinction 
from iron). 

(3) In the case of chromates or dichromates the chromium 
is part of the acidic radicle Aqueous solutions of these salts are 
yeUow or orange in colour respectively ; they give with barium 
chloride a yellow precipitate of barium, chromate, insoluble in 
acetic acid, but reaAly soluble in dilute hydrochloric acid. 

Chromates and dichromates can be reduced by boiling for 
some time with concentrated hydrochloric acid, or by passing 
sydphur dioxide or hydrogen sulphide through the aqueous solu- 
tion. After reduction, the solution is green and gives the reactions 
of chromium salts : 

K,Cr,0, + 14Ha =2Ka -h2Cra8 + 3C1, + 7H80. 
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ACIDDM CHROMICUM 

Chromic Anhydride, CrOj. (Mol. Wt. = 100.) Syn. Chromic Acid 

• 

Preparation. — ^To a solution of 15 parts of potassium dichromate 
in 25 parts of water, 21 parts of eoneontrated sulphuric acid is 
added, and the mixture allowed to stand for twelve hours : 

KjOrfi^ + 2 HjS 04 = 2Cr()j + 2KH8O4 + HjO. 

The liquid is filtered from the crystals of ]K>ta8sium hydrogen 
sulphate, heated on a water-bath, and treatecl with 7*5 parts of 
sulphuric acid, followed by enough water tii dissolve the piecipi> 
tated chromic anhydride. On cooling and allowing U) stand, tno 
chromic anh^'drido crystallises out and is filU'red off ; a further 
quantity may be obtained by concentration of the mother liquor. 
After draining well, the cr^’stals are washed with a little concentrated 
nitric acid, dried in a current of warm air, and transferred immedi- 
ately to a wcll-stopj)ercd bottle. Ordinary filU‘r-papc‘r must not 
bo employed in these operations since the chromic, anhydride is 
reduced by organic matter. Glas.s wool or aslx'stos is usually 
employed. , 

Properties. — Crimson, needle-shaped, very deliquescent crystals. 
Very soluble in water and in ether. On lu'ating it melts at about 
192^, and at a higher t(‘m|)erature decom|>osoH with evolution of 
oxygen, leaving a green residue of chromic oxide : 

40 r 03 = 2Crj03 1 30.4. 

Chromic anhydride is a very |X)werful oxidising agent. When 
warmed with hydrochloric acid, chlorine is evolved, and if brought 
into contact with small quantities of alcohol, eth(*r, or glycerin, 
oxidation proceeds so rapidly that sudden combustion or explosion 
may result. It has a highly corrosive action on vegetable and 
animal tissues. Chromic anhydride should bo kept in a woU- 
stoppered bottle. 

Test for Impurity. Sulphate {Limit of ). — Diasolvo 4 grammes 
in a mixture of 20 mib of water and 10 mils of concentrated hydro- 
chloric acid. Add 5 mils of 10 iht c<nt barium chloride solution, 
and filter. The filtrate should yield n<) further precipitate on the 
addition of more barium chloride. 

Liquor Acid! Chromicl. Solution of Chromic Acid . — ^This is a 
simple 25 per cent wjv solution of frhromic anhydride. It has a 
yellow colour and contains free chromic acid : 

Cr03 + H,0 = H3Cr04. 
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ACIDUM ARSENIOSUM 

Arsenious Anhydride, As40e. (Mol. Wt. =396) 

Syns. Arsenic ; Arsenious Aci(f 
Unofficial Syns. White Arsenic ; Arsenious Oxide 

This is required to contain not less than 99*8 per cent of arsenious 
oxide, A84O4. 

Preparation. — It is manufactured by roasting arsenical ores, 
the most commonly employed being mispickel and leucopjn'ite. * 
If leucopyrite be used the reaction may bo represented thus : 

4 FeAsa + 90 a = 2Fea03 + 2AS4O4. 

When mispickel is employed, arsenious oxide and sulphur dioxide 
are given off at a red heat, leaving a residue of iron oxide, sulphate, 
and arsenate. 

The roasting is frequently carried out in a reverberatory furnace, 
though a purer product is obtained if a muffle furnace be used. 
The arsenious oxide is collected as a sublimate in specially designed 
chambers and flues, and is purified by sublimation from iron vessels. 

Properties. — ^Arsenious oxide occurs in two forms — one a white, 
opaque, crystalline powder, and the other a transparent, vitreous, 
and often stratified variety. The official substance often contains 
both varieties. Very slowly soluble about 1-65 in water, the 
solubility varying according to the proportion of each variety 
present, the vitreous form being more soluble in cold water than 
the crystalline ; in some samples, the solubility may be nearer 
1-100. The aqueous solution is odourless, tasteless, and faintly 
acid to litmus. When heated in a dry tube, arsenious oxide sub- 
limes, condensing on the cool portions of the tube in the form of 
small, glistening, transparent, octahedral crystals. 

The oxide is amphoteric, but most of its projK^tics are those 
of an acidic oxide. It dissolves freely in solutions of sodium, 
potassium, and ammonium hydroxides, and of alkali carbonates, 
with formation of the corresponding arsenites : 

12NaOH + AS4O4 = 4Na3A803 + fiHjO. 

Sodium 

arsenite. 

Its very feeble basic character is shown by the fact that, although 
it dissolves freely in concentrated hydrochloric acid with formation 
of arsenious chloride, on diluting the solution and boiling, this 
undergoes hydrolysis : 

AS 4 O 4 + 12Ha^4AsCl8 + 6 H, 0 . 

Tests lor Impurities. Non-volatile Matter. — ^When heated in a 
dry tube it should volatilise completely. 

• Arsenious Sulphide. — It should dissolve completely in am- 
monium hydroxide, and when the solution is diluted with an 
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equal volume of water and«acidified with h^^droohloric acid, there 
should be no yellow colour. 

Quantitative Estimation. — Arsenious oxide is estimated by 
dissolving in sodium hydroxide to form sodium arsenite, and 
oxidising this to the arsenate by means of standard iodine : 

(i.) AsA + 12NaOH = 4NajA80s + 6H,0, 

(ii.) NajAsOj + HjO + 1, » Na8A804 + 2HI. . 

In carrying out this estimation it is esstmtial that no free sodium 
hydroxide shall be left in the solution, as this would react with 
some of the iodine ; 

6NaOH + 31, = NalO, + 5NaI + 3H,0. 

On the other hand, the hydriodic acid produced during the oxidation 
must bo neutralised as soon as formed, because the reaction repre- 
sented in cipiation (ii.) is a reversible one. Tliest^ difficulties are 
overcome by first nc utralising the excess of scnlium hydroxide with 
hydrochloric acid, and then adding sodium bicarlK)nato bc*foro 
titrating. 

Weigh about 0*5 gramme of the oxide, dissolve in boiling water 
containing a little .sodium hydroxide, cool, mfike just acid with 
hydrochloric acid, aild excess of a cold, freshly prepared solution 
of sodium bicarbonate, and dilute to 100 mils. Titrate portions of 
20 mils with N/10 iodine until the iodine is no longer decolorised. 

From equations (i.) and (ii.) : 

41, s As^O,, 

8 x 127 = 390, 

396 

1000 mils N/1 1,= -g- =49‘5 grammes of As40e, 

1 mil N/10 12 = 0*00495 gramme of AS4O4. 

Liquor Arsenicalis. Arsenical Solution. Syn. Fowler’s Solution. 
— This is a 1 per cent wjv solution of arsonious oxide prepared 
by dissolving 1 part of arscnious anhydride and 1 part of 
potassium carbonate in 50 parts of water by aid of heat. Solu- 
tion ’ is effected more quickly if th<^ two solids be previously 
intimately mixed in a mortar, and if the liquid be brought to the 
boiling-point and then allowed to simmer ; violent ebullition is not 
only unnecessary, but concentrates the liquid unduly. When 
the arscnious anhydride has di.s8olved, the solution is cooled and 
filtered, before the addition of 3 parts of compound tincture of 
lavender, and adjustment to 100 parts with water. 

The potassium carbonate facilitates the solution of the arscni- 
ous anhydride, presumably owing to the formation of potassium 
arsenite : 

6H,0 + AS4O4 =4H3A803, 

2H3ASO3 + 3K,C03 «2K,As03 + 3CO, + 3H,0.* 

Pmperiita . — A reddish liquid, alkaline to litmus, and having ^le 
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odour of lavender. On keeping, a flooculence may develop, due to 
the action of the weak alkaline solution on the glass of the container. 
In dispensing, the solution must be neutralised with a little dilute 
hydrochloric acid if prescribed with alkaloidal salts,' for otherwise 
the free alkaloid will be liberated, and, if there is not sufficient water 
present to keep it in solution, will bo precipitated. 

Quantitative Eatimation , — ^he solution is estimated in the 
manner described under Acidum Arseniosum, employing 20 mils for 
each titration, the liquid being previously neutralised with hydro- 
chloric acid, and a slight excess of sodium bicarbonate being main- 
tained whilst titrating with the N/10 iodine. 

Liquor Arsenic! Hydrochlorlcus. Hydrochloric Solution of Arsenic. 
— This is a 1 per cent wjv solution of arsenious oxide prepared 
by dissolving 1 part of arsenious anhydride and 1*2 parts of 
hydrochloric acid in 50 parts of water by aid of heat, cooling, 
filtering, and adjusting the volume to 100 parts with water. The 
hydrochloric acid assists the solution of the arsenic, presumably 
owing to the formation of arsenious chloride, wliich, however, 
undergoes hydrolysis : 

AS 4 O, + 12HC1^^4AsCl3 + 6 H 2 O. 

Properties . — The liquid is colourless and acid to litmus. It is 
intended to bo prescribed when arsenic is required in conjunction 
with alkaloidal salts or acid substances, with which Liquor Arseni- 
calis would be incompatible. 

Quantitative Estimation . — As for Liquor Arsenicalis. 


ARSENII lODIDUM 

Arsenious Iodide, Aslj. (Mol. Wt. =456) 

Preparation. — (1) Powdered arsenic — the clement (1 part) — and 
iodine (5 parts) are thoroughly mixed in a mortar, and the mixture 
very gently heated in a small flask until quite molten, when it is 
poured out on to a porcelain tile and allowed to solidify. The 
product is purified by finely powdering, extracting with chloroform, 
filtering, and evaporating the solvent, when the arsenious iodide is 
obtained as a crystalline powder, which is washed with a little more 
chloroform and dried : 

2As + 3l8=2Asl3. 

Carbon disulphide, toluene, or certain other solvents may be used 
in place of cUoroform. 

(2) It can also be prepared by adding a solution of 1 part of 
arseniotis oxide in 25 parts of hydrochloric acid to a hot solution 
of 5 parts of potassium iodide in 4 parts of water. The liquid is 
allow^ to* cool, shaken with chloroform, and the arsenious iodide 
obtained from the chloroform solution by crystallisation : 

As^O* + 12Ha + 12KI -4A8l, + 12KCI + eH^O. 
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Prop«rttes. — The official substanoe occurs in small oi^go- 
coloured crystals; but commercial samples frequently consist of 
crystalline masses which have not been purified by cr^tallisation 
and consequently Contain free iodine and arsenic. Soluble in water 
and in alcohol (90 per cent), the aqueous solution being acid to 
litmus owing to partial hydrolysis : 

4ASI3 + 12m + AS4O3. 

The aqueous solution should bo practically colourless. When heated, 
the salt volatilises completely, with partid decomposition and libera- 
tion of iodine. 

Liquor Arsenil at Hydrargyrt lodldl. Solution of Araenioua and 
Mercuric Iodides. Syn. Donovan’s Solution. — ^This is prepared by 
triturating 1 part of arsenious iodide and 1 part of mercuric iodide 
with 25 parts of water until dissolved, then filtering and passing 
sufficient water through the filter to produce 100 parts of the 
solution. 

It is advisable to allow the mixture of the salts with the first 
quantity of water to stand for half an hour before filtering. The 
arsenious iodide undergoes hydrolysis with formation of hydriodic 

4AsI, + 6H,0=A8.0, + 12HI, 

and the ordinarily insoluble mercuric iodide dissolves in the hydriodic 
acid solution owing to the formation of a soluble double salt : 

HgI,+2HI*HgT„2HI. 

The double salt is less tojuc than mercuric iodide, and the solution 
may bo given in larger doses than the quantity of mercniric iodide 
used in its preparation would seem U) permit. The residue on the 
filter-paper is said to be one of elementary arsenic. 


COMPOUNDS OF ANTIMONY 
Sb (Atomic Wt. = 120) 

The chief mineral source of antimony is the trisulphide known 
as stibnite or antimony glance, SbjSa, which, i^ike the artificially 
prepared compound, is cr 3 ^talline and greyish-black in colour. 
Other antimony minerals are of relatively little importance as a 
source of the metal, although the oxide, SbsO,, is fairly widely 
distributed. 

Of the oxides of antimony, two, the trioxide, Sb 203 , and the 
pentoxide, SbiO^, resemble the corresponding oxides of arsenic in 
oeing amphoteric, although the basic characters of the trioxide are 
somewhat more strongly marked than those of the oorr^ponding 
arsenio compound. Luther of the oxides, on heating in air, is 
converted into the tetroxide, Sb 304 . 
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General Tests for Antimony.— (1) «Antimony compounds, when 
mixed with sodium carbonate and potassium cyanide and heated 
on charcoal in the blowpipe flame, produce gloWes of the metal, 
which are brittle, and on breaking have a crystalline appearance. 

If heating be continued, the metal bums, with production of white 
fumes of antimonious oxide and the formation of an encrustation 
on the charcoal. « 

(2) Hydrogen sulphide, passed through a solution of an anti- 
mony compound in dilute hydrochloric acid, produces an orange ^ 
precipitate of antimony trisulphide. The precipitate is insoluble in ' 
oxalic acid solution, but dissolves in concentrated hydrochloric 
acid with formation of antimony trichloride, and in yellow 
ammonium sulphide with formation of complex thio-salts of 
antimony. When the ammonium sulphide solution is acidified, 
the pentasulphide is precipitated. 

(3) The addition of iron wire to a solution of an antimony salt 
in dilute hydrochloric acid, followed by boiling, results in the 
separation of a thick, flaky, black precipitate of metallic antimony. 

(4) On applying Marsh’s Test (p. 142), antimony salts give a 
similar stain to that of arsenic, but distinguishable by its insolubility 
in a solution of chlorinated lime. 


ANTIMONII OXIDUM 

Antimonious Oxide, SbjOa. (Mol. Wt. =288) , 

Preparation. — A concentrated aqueous solution of antimonious 
chloride is poured into excess of hot water, when hydrolysis occurs 
and antimony oxychloride is precipitated : 

SbCla + HjO = SbOCl + 2HC1. 

In order to neutralise the free hydrochloric acid and to effect the 
complete hydrolysis of the oxychloride, sodium carbonate is added 
and the mixture is boiled : 

2SbOCl + NajCOs = ShJO^ + 2NaCl + 

The precipitate is collected on a filter, washed, and dried. 

Properties. — ^A greyish-white powder, which melts at a dull 
red heat. Insoluble in water. Soluble in hydrochloric acid with 
formation of antimony trichloride ; and on pouring the acid solution 
into water a white precipitate of oxychloride is obtained. On 
heating in air it is converted into the tetroxide, Sb 204 . 

Tests for Impurities. Lead and Copper , — ^Warm with sodium 
hydroxide solution to which a few drops of ammonium hydroxide 
have been added. Filter, and add to the filtrate a few drops of 
sodium sfdphide solution, when there should be no dark coloration. 

Arsenic , — Apply Fleitmann’s Test (p. 143). 

Iron , — Dissmve in dilute nitric acia, and add potassium ferro- 
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cyanide, when there should dbt be more than a slight blue or green 
colour. 

Dissolve some of the substance in the minimum quantity 
of dilute hydrochloric acid, dilute the solution somewhat, and 
pass hydrogen sulphide until all the antimony has been pre- 
cipitate. Filter. After boiling off all the hydrogen sulphide, 
test the filtrate for the following metallic impurities ; 

Calcium . — Add ammonium chloride, ammonium hydroxide in 
excess, and ammonium oxalate, when there should be no pi’ecipitate. 

Sodium and Potassium. — Evai3orato to dryness and apply the 
flame test to the rt'sidue, using an indigo j)ri8m if necessary. • 
Sulphate anil Chloride . — Dissolve some of the oxide in dilute 
nitric acid and add to separate i)ortions of the solution barium 
chloride and silver nitrate, which should produce not more than a 
slight turbidity or a slight opalescence respectively. 

Antimonic Compounds . — ^The oxide should dissolve completely 
in acid potassium tartrate solution (forming tartarated antimony). 

Quantitative Estimation. — It is estimated by oxidation with 
standard iodine, the reactions l)eing similar U) those which take 
place in the estimation of Acidum Arseniosum. The method of 
preparing the solution has to be modified in this casc< because the 
neutralisation of a solution of this oxide in sodium hydroxide, or 
the addition of sodium bicarbonate to an acid solution of the oxide, 
results in the precipitation of the antimony as a basic salt. 

This, difficulty is overcome by the addition of sodium potassium 
tartrate, which prevents the precipitation, owing to the formation 
of soluble sodium and pfitassium antirnonyl tartrates. Weigh about 
I gramme, dissolve in a little fairly concentrated hydrochloric acid, 
add a concentrated solution of about 10 grammes of sodium potassium 
tartrate, then a slight excess of cold .solution of sodium bicarbonate, 
and adjust the volume to 100 mils. Titrate portions of 20 mils 
with N/10 iodine : 

SbjOa + 2HjO + 21* --= + 4HI, 

21 * — 

4x127-288, 

288 

1000 mils N/1 =72 grammes of SbjOj, 

1 mil N/10 1*^0*0072 gramme of SbjOj. 


ANTIMONIUM SULPHURATUM 

Sulphurated Antimony 

This is a mixture, containing antimony trisulphide and penta- 
sulphide, trioxide and pentoxide, with some free sulphur. 

Preparation. — ^It is obtained by decomposing with acid a solu- 
tion of antimony thio-salts. As the composition of the product 



150 TEXT-BOOK OF PHARMACEUTICAL CHEMISTRY 

varies according to the procedure, the ^harmacopoeial method must 
be adhered to. 

Black antimoniouB sulphide (2 parts) and sublimed sulphur 
(2 parts) are mixed with 1 part of commercial caustic soda dissmved 
in 20 parts of water. The mixture is boiled for two hours with 
frequent stirring, the water lost by evaporation being replaced 
from time to time. While still hot, 36 parts of boiling water is 
added, and the product strained through calico. To the hot, 
strained liquid a slight excess of dilute sulphuric acid is added 
wadually, the precipitate collected on a calico filter, washed free 
froni sulphate, and dried in a water-oven. 

kermea mineral, which was once widely employed in medicine, 
is a preparation obtained by a process similar to that described 
above, but omitting the sulphur. 

Properties. — A tasteless, odourless, orange-red, amorphous 
powder. Insoluble in water. Readily soluble in sodium hydroxide 
solution. It is decomposed by hot concentrated hydrochloric acid 
with evolution of hydrogen sulphide and separation of sulphur. 

Tests for Impurities. Sulphate (Limit of ). — Digest 1 gramme 
with 20 mils of hot water, fiter, acidify the filtrate with dilute 
nitric acid, and adH barium chloride, when the liquid should not 
become more than slightly cloudy. 

Arsenic Limit . — 1000 parts per mUlion (p. 176). 

Quantitative Test. — ^The antimony present may be estimated 
graviraetrically by oxidation to the pentoxido, Sb 205 , and con- 
version of this into the tetroxide by heating. Weigh about 
3 grammes, moisten with dilute nitric acid, then warm with 
successive quantities of fuming nitric acid until red fumes are 
no longer evolved. Dry, cautiously heat to redness, and weigh ; 

SbjO^ s 2Sb, 

304 grammes = 240 grammes. 

The Pharmacopoeia requires that 3 grammes, treated in this way, 
shall yield a residue weighing between 1*6 and DS grammes. 


ANTIMONIUM TARTARATUM 

Tartarated Antimony [K(Sb 0 )C 4 H 40 j 2 ,H, 0 . (Mol. Wt. =664.) 

Syns. Tartar Jlmetic ; Potassio-tartrate of Antimony 

This is required to contain not loss +han 99 per cent of 

[K(Sb0)C4H404]„H20. 

Preparation. — ^Antimony oxide (6 parts) and hnely powdered 
acid potassium tartrate (6 parts) are made into a paste with water 
and set aside for twenty-four hours ; about 40 parts of water is 
then added,' and the mixture boiled for fifteen minutes, with frequent 
stirring. The hot liauid is filtered, the filtrate set aside to crystallise, 
and the crystals collected on a filter-paper and dried at ordinary 
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temperature on a porous plkte. On concentration, of the mother 
liquor, a further quantity is obtained. 

Properties. — Colourless, transp^nt crystals having triangular 
faoete. Taste, sweet and mctaUio. Soluble 1-17 in water, and 
1-3 in boiling water, the aqueous solution being slightly acid : 
almost insoluble in alcohol (90 per cent), but fairly soluble in diluted 
alcohol. It is precipitated from it» solutions by tannic etcid. On 
heating to redness, it chars, leaving a residue of potassium carbonate, 
oxide of antimony, and carbon. 

Tests for Impurities. Lead, Copper, Arsenic, Iron, and Sodium. 
— ^There should be no indication of these on testing as dcscjibed 
under Antimonii Oxidum. 

Ammonium . — Boil with sodium hydroxide solution and test 
the evolved vapours with turmeric papt^r (p. 32). 

Sulphate and Chloride. — ^There should no indication of these 
on t<‘sting as under Antimonii Oxidum. 

Acid Potassium Tartrate. — The compound should not cause 
effervescence when shaken with a cold solution of sodium bicarbonate. 

Quantitative Estimation. — This compound is estimated • by 
oxidation with standard iodine as described under Antimonii 
Oxidum. Weigh about 2 grammes, dissolve in water, and dilute 
to 100 mils. To portions of 20 mils of this solution, add about 
3 grammes of sodium potassium tartrate and about 2 grammes of 
sodium bicarbonate, and then titrate with N/IO iodine : 

2K(Sb0)C4H40e 4-212 + 3H,0 =2KHC4H40e -f-SbjOg 4-4HI, 
2l2^[K(Sb0)C4H40e]2,H,0, 

4 X 127- 664, 

664 

1000 mils N/1 l2= = 166 grammes of fK(Sb0)C4H40j2,Ha0, 

1 mil N/IO la - 0-01 66 gramme of [K(Sb0)C4H40e]2,H20. ' 

COMPOUNDS OF BISMUTH 
Bi (Atomic Wt. = 208) 

Bismuth generally occurs in the free state, but it is also found 
as bismuth glance, BigSj, and bismuth ochre, Bi,Oj. 

It forms a stable trioxide, BijO,, which is more decidedly basic • 
in character than the corresponding antimony compound ; other 
oxides, BiaOa, Bi204, and BijOj, are known. 

General Tests for Bismuth. — (1) When a bismuth compound is 
heated with sodium carbonate on charcoal in the blowpipe flame, 
brittle heads of the metal are produced, together with a yellow 
encrustation of the trioxide. 

(2) Hydrogen sulphide passed through a solution of a bismuth 
compound in dilute hydrochloric acid, produces a dark brown 
precipitate of the sulphide, BijS,, insoluble in yellow ammonium 
sulphide, but soluble in boiling dilute nitric acid. 
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(3) Ammonium hydroxide gives, v^th a solution of a bismuth 
salt, a white precipitate of the hydroxide, Bi(OH)3. The precipitate 
is soluble in dilute hydrochloric acid, and tms solution, when 
poured into a large volume of water, gives a wliite turbidity, due 
to the formation of the oxychloride : 

BiGa + HaO^BiOCl + 2HC1. 


BISMUTHI CARBONAS 

Bismuth Oxycarbonate, (Bjg02C03)2,H20. (Mol. Wt. = 1034.) 
Syn. Bismuth Subcarbonate 

Preparation. — Metallic bismuth is dissolved in 50 i^er cent nitric 
acid, and the solution evaporated to small bulk : 

2Bi + 8HNO3 = 2Bi(N03)3 + 2NO + 4H2O. 

The solution is then added gradually, with constant stirring, to a 
cold solution of ammonium carbonate : 

2Bi(N08)3 + 2NH4HC03,NH4NHaC0a + HaO 

- 6NH4NO3 + BiaOaCOa + SCOa* 

The precipitated oxycarbonate is collected on a calico filter, well 
washed with water, and dried at a temperature not exceeding 65®. 

Properties. — A white, tasteless powder of varying density. 
Insoluble in water ; soluble in acids, with efEervcscencc. On 
exposure to air containing hydrogen sulphide it slowly darkens. 
When heated, it loses carbon dioxide and water, leaving a yellow 
residue of the trioxide. 

Tests for Impurities. Silver and Lead. — Dissolve about 2 
grammes in the minimum quantity of nitric acid, and pour the 
solution into about 100 mils of water, in order to precipitate most 
of the bismuth as oxynitrate. Filter, evaporate the filtrate to about 
20 mils, and again filter. Divide the filtrate into two parts. 

(i.) Heat to boiling and add hydrochloric acid. There should 
be no opalescence (absence of silver). 

(ii.) Add an equal volume of alcohol and a little dilute sulphuric 
acid, then allow to stand. There should be no turbidity (absence 
of lead). 

Copper. — Dissolve in hydrochloric acid, add excess of ammonium 
hydroxide, and filter. The filtrate should have no blue tinge, and 
should give no brown coloration on acidifying with acetic acid and 
adding potassium ferrocyanide. 

Selenium and Tellurium. — ^Dissolve in concentrated nitric acid, 
add ammonium chloride solution, dilute well, and filter. Add to 
the filtrate excess of sodium sulphite solution and allow to stand. 
There should be no precipitate or coloration, even after twelve 
hours (due to reduction to metallic selenium or tellurium). 

% Caicium, — ^BoO with dilute hydrochloric acid, dilute well, and, 
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without filtering, pass hydrogen sulphide. Filter off the pre- 
cipitate, which will contain the bismuth, together with any of the 
previou^y mentioned metallic impurities, and add to the filtrate 
ammonium hydroxide in excess and ammonium oxalate. There 
should be no precipitate. 

Sulphate , — Dissolve in excess of a mixture of equal volumes of 
concentrated hydrochloric acid and '\^ater, and add Wium chloride, 
when there should be not more than a slight turbidity. 

Chloride , — Dissolve in concentrated nitric acid, and add silver 
nitrate solution, when there should be no opalescence. 

Alkaline Carbonates ( Limit of ). — Boil 5 grammes with water and 
filter. The filtrate should not require more than 1 mil of N/10 
sulphuric acid for neutralisation, using methyl orange as indicator. 

Nitrate (Limit of ), — Commercial samples generally contain 
traces of nitrate. The Pharmacopoeia states that, on mixing 0*02‘ 
gramme with 5 drops of phenol-disulphonic acid, adding, after five 
minutes, 10 mils of Solution of Ammonia, filtering, washing the pre- 
cipitate with water, and adding water to the filtrate until it measures 
100 mils, the colour of the filtrate should not be deeper than that 
obtained by similarly treating 0*00013 gramme of potassium nitrate. 
This limit is equivalent to 2 per cent of bisrauth'oxynitrate. 

Arsenic Limit.— % parts per million (p. 176). 

Quantitative Test. — When strongly heated it should jield between 
89 and 91 ixjr cent of bismuth oxide, Bi203. 


BISMUTHI SUBNITRAS 

Bismuth Oxynitratc, Bi0N03,H20. (Mol. Wt. =304) 

Preparation. — Metallic bismuth is dissolved in 50 per cent nitric 
acid : 

2Bi + 8HNO3 = 2Bi(N03)3 ^ 2NO + 4H2O, 

and the solution evaporated to small bulk, then poured into a large 
excess of water : 

Bi(N03)3 + HjO = BiONOj + 2HNO3. 

The precipitate is allowed to subside, washed by decantation, 
collected on a calico filter, and dried at a temperature not ex- 
ceeding 65°. 

Properties. — A white, tasteless, microcrystalline powder, almost 
insoluble in water, and very slightly acid to litmus, owing to hydro- 
l^is, so that when added to solutions of alkaline carbonates or 
bicarbonates it causes an evolution of carbon dioxide : in dispens- 
ing, the completion of this reaction may be hastened by the use of 
warm water. On heating, the salt evolves oxides of nitrogen and 
leaves a residue of bismuth oxide, Bi,0,. 

Tests for Impurities. Silver, Lead, Copper, Selenium, Tellurium, 
Calcium, and Sulphate . — ^Test as described under BismutU Carbonap. 
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CAforirfe.— 'There should not be more than a slight opalescence 
when tested as under Bismuth! Carbonas. 

Arsenic Limit, — 2 parts per million (p. 176). 

Quantitative Test. — When strongly heated, it* should leave from 
79 to 82 per cent of bismuth oxide, 


LIQUOR BISMUTHI ET AMMONII CITRATIS 

Solution of Bismuth and Ammonium Citrate 

Preparation. — Citric acid is mixed in a mortar with bismuth 
oxynitrate and water, and the mixture set aside, with occasional 
stirring, for half an hour, or until a little on trial is completely soluble 
in Solution of Ammonia : 

HaC^HjO^ + BiONOg - BiCgHgOy + HNOg + HgO. 

The bismuth citrate is washed free from nitrate by decantation, 
and, while still moist, is dissolved in the minimum quantity of 
Solution of Ammonia and made up to volume with water. The 
ammonia produces, bismuth hydroxide : 

BiCeHgO, + 3NH,OH =Bi(OH)3 -f 

and this dissolves in the ammonium citrate solution, which is the 
other product of the reaction, forming a compound which may be 
called ammonio-bismuth citrate. 

The pharmacopoeial method of preparation is not altogether 
satisfactory, and the freshly prepared solution often possesses an 
opalescence not easily removed by filtration ; but, if set aside for 
a week, a clear upper layer is obtained which may be siphoned off. 
On the large scale, the solution is often prepared from bismuth 
carbonate, with more satisfactory results. 

Properties. — A colourless liquid, miscible with water, slightly 
alkaline to litmus, and having a metallic taste and a slightly 
ammoniacal odour. It should, preferably, be kept in bottles of 
lead-free glass. 

Quantitative Test. — 10 mils, evaporated to dryness, and the 
residue ignited, should yield not less than 0*5 gramme of bismuth 
oxide, BijOg. 


BISMUTHI SALICYLAS 

Bismuth Salicylate, CeH 4 (OH) . COO(BiO). (Mol. Wt. - 361 ) 

Preparation. — Bismuth hydroxide is first prepared by pouring a 
dilute nitric acid solution of bismuth nitrate into excess of ammonium 
hydroxide, filtering, washing the precipitate, and drying below 60® ; 

Bi(N03)3 + 3NH4OH - Bi(OH)3 + 3NH4NO3. 

The hydroxide is mixed with salicylic acid, water is added, and the 
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mixture heated nearly to The amount of salicylic acid 

employed is such that the liquid shall rem|iin slightly acid. After 
cooling, the precipitate is filtered off, washed, and dried at a tempera- 
ture not exceeding : 

Bi(OH), + . COOH = CeH4(OH) . COO(BiO) + 2HgO. 

The product is a basic salt, the composition of which is somewhat 
liable to variation. It often retains some free salicylic acid. 

Properties, — A white, or nearly white, amorphous powder, 
tasteless and odourless. Insoluble in water, but is slowly hydro- 
lysed in contact with cold water, more rapidly with hot water, \yth 
l^ration of salicylic acid, and formation of a more basic salt. It 
is also partially decomposed by alcohol and by glycerin. When 
gently heated, it loses salicylic acid, and, on strong ignition, it leaves 
a residue of bismuth oxide. 

Tests for Impurities. — It should be free from impurities describt*d 
under Bismuth! Carbonas. 

Nitrate . — ^Tho Pharmacopoeia states that it should give not 
more than the slightest reaction with the copix'r test (p. 35). 

Free Salicylic Acid (Limit of ). — Shake 5 grammes with 60 mils 
of other, filter, and evaporate the filtrate to dryrfess. The residue 
should weigh not more than 0-005 gramme. 

Arsenic Limit . — 2 parts per million (p. 170). 

Quantitative Test. — On ignition it should leave from 02 to 65 
per cent of bismuth oxide, BijOg. 



CHAPTER XI 

COMPOUNDS OF MERCURY, COPPER, SILVER, AND LEAD 

MERCURY AND ITS COMPOUNDS 
Hg (Atomic Wt. =200*5) 

The principal ore of mercury is its sulphide, cinnabar ^ HgS, and 
from it most of the mercury of commerce is extracted. The free 
metal sometimes occurs in its ores in the form of minute globules. 

Mercury forms two series of salts — the mercurous salts, derived 
from mercurous qxide, Hg^O, and the mercuric salts, derived frona 
mercuric oxide, HgO. 

General Tests for Mercury. — (1) Many mercury compounds sub- 
lime unchanged when heated in a dry tube. 

(2) Solutions of mercurous salts yield with dilute hydrochloric 
acid a white precipitate of mercurous chloride, HgCl. The pre- 
cipitate is insoluble in boiling water (distinction from lead), and 
turns black, but does not dissolve, when treated with ammonium 
hydroxide (distinction from silver). 

(3) Solutions of mercuric salts mvc with hydrogen sulphide a 
black precipitate of mercuric sulphide, HgS. The precipitate is 
insoluble in nitric acid, but dissolves in a mixture of concentrated 
nitric and hydrochloric acids. 

(4) A solution of a mercuric salt is reduced by addition of excess 
of stannous chloride, giving first a white precipitate of mercurous 
chloride, and later a greyish precipitate of minute globules of metallic 
mercury. 


HYDRARGYRUM 

Mercury 

Preparation. — (1) Mercury is generally obtained from cinnabar 
by roasting in a furnace through which passes a current of air : 

HgS+"Oa = Hg + SOa. 

The mercury vapour is condensed in a series of pear-shaped vessels 
(aludels) made of earthenware. 

(2) .Mother process consists in heating cinnabar with lime in 
clos^ retorts : 

4HgS + 4CaO =4Hg -i- CaS 04 + 3CaS. 

166 
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Mercury obtained by either of these processes is purified by, first, 
straining through c^mois leather to remove dross and dust, and 
then ei^er distilling from iron retorts or treating with very ^ute 
nitric acid, to remove traces of lead, copper, and other elements. 
Mercury which has not been freed from these impurities tarnishes 
in air owing to the formation of their oxides, and, on pouring from 
a glass vessel, leaves behind a tail ”iof oxide or dross. 

Properties. — ^A very heavy, silver-white, liquid metal, readily 
^visible into globules. Specific gravity, 13*6. It boils at 357 , 
and solidifies at - 39° to form a lead -like mass. On exposure to 
pure air it remains bright, but in air containing traces of hydrogen 
sulphide it tarnishes, owing to the production of mercuric sulphide. 
It is not acted upon by hydrochloric acid ; but it dissolves slowly 
in concentrated sulphuric acid with evolution of .sulphur dioxide 
and formation of mercuric sulphate : 

Hg + 2H,S04 = HgS04 + SOj -h 2HjO. 

It dissolves in concentrated nitric acid to produce mercurous 
nitrate, HgNOs, when the liquid is kept cold and the metal is in 
excess, and mercuric nitrate, Hg(N 03 ) 2 , when the liquid is heated 
and the acid is in excess. * 

Many metals, when brought into contact with mercury, form 
alloys, usually known as amalgams. 

Tests for Impurities. Metallic and other Impurities. — When 
heated it should volatilise, leaving no appreciable residue. A 
simple tost for the purity of mercury consists in pouring a little of 
the sample over a clean glass plate ; the mercury should leave 
no track on the glass. 

Hydrargyrum cum Greta. Mercury with Chalk. Syn. Grey 
Powder. — ^This is made by triturating 1 part of mercury with 2 
parts of prepared chalk in a mortar, until the mixture is uniformly 
grey and metallic globules are no longer visible. A quicker methoa 
consists in placing the mercury in a dry bottle, adding a little 
ether, allowing the ether to evaporate, then adding the chalk, and 
shaking tmtil no metallic globules are visible. 

Properties. — A light grey powder, free from grittiness, with a 
tendency to aggregate into minute globules. 

Test for Impurity. — When treated with dilute hydrochloric 
acid, the chalk dissolves, leaving the mercury in a finely divided 
state. The filtered liquid should yield no white or grey precipitate 
on the addition of stannous chloride solution (absence of mercuric 
compounds). 

♦ 

Emplastrum Hydrargyri. Mercurial Plaster. — A very small 
quantity of sulphur is heated with a little olive oil on a sand-bath 
until a reddish-brown liquid is obtained . Mercury is then triturated 
with this until metallic globules are no longer visible ; previously 
melted lead plaster is then added and the mixture triturated unl^ 
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homogeneous. The division of thennercury is facilitated by the 
formation of some mercuric sulphide. 

Mercury in a finely divided state is also a constituent , of 
Linimentum Hydrargyri, Filula Hydrargyri, Unguentum Hydrar- 
gyri, Unguentum Hydrargyri Compositum. 

• 

HYDRARGYRI OXIDUM RUBRUM 

, Red Mercuric Oxide» HgO. (Mol. Wt. =216*5.) 

Syn, Red Precipitate 

This is required to contain not less than 99*3 per cent of HgO. 

Preparation. — (1) Red mercuric oxide is slowly formed when 
mercury is heated to 300° in air. 

(2) It may bo prepared by dissolving 8 parts by weight of 
mercury in a mixture of 9 parts of concentrated nitric acid and 
2 parts of water : 

3Hg + 8 HNO 3 = 3Hg(N03)2 + 4 H 2 O + 2NO. 

The solution of mercuric nitrate is evaporated to dryness, and the 
residue triturated with 8 parts by weight of mercury imtil a uniform 
mixture is obtained. The mixture is heated in a porcelain dish 
until acid vapours cease to bo evolved and the mercurous nitrate, 
which is at first produced, is converted into mercuric oxide : 

Hg(N 03)2 + Hg= 2 HgN 03 , 

HgNOg^HgO + NO*. 

Properties. — An orange-red powder or crystalline scales. In- 
soluble in water, but soluble in dilute hydrochloric or nitric acids 
with formation of the mercuric salt of the acid. When gently 
heated it becomes dark violet, but turns red again on cooling. 
When strongly heated in a test-tube it decomposes into oxygen 
and mercury, the latter forming a sublimate on the cool portions 
of the tube : 

2Hg0=2Hg + 03 . 

Tests for Impurities. Nan-volalile Solids (Limit oj ), — When 
heated to dull redness it should volatilise, leaving not more than 
0*3 per cent of residue. 

Nitrate . — ^When gently heated in a test-tube it should not 
evolve brown fumes. 

Quantitative Estiipation. — ^It is estimated by conversion into 
mercuric nitrate and titration of this with standard ammonium 
thiocyanate. Mercuric nitrate reacts with ammonium thiocyanate 
in a similar manner to silver nitrate, producing mercuric thio- 
cyanate, but in the presence of excess of nitric acid the thiocyanate 
is not immediately precipitated. Weigh about I gramme, dis- 
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solve in 4 mils of nitric acidf and dUute to 100 mils. To portions 
of 20 mils add a few drops of ferric sulphate solution as indicator, 
and then titrate with N/10 ammonium thiocyanate until a per- 
manent pink coloration is poduced.* The coloration is not formed 
permanently while any of the mercuric nitrate remains in the 
solution, but when the whole of this has reacted with the thiocyanate, 
the next drop of the latter added produces a pink coloration owing 
to the formation of ferric thiocyanate, Fe(SCN)8 : 


HgO + 2HNO3 = Hg(N03)8 + H,0, 

Hg(N03) j + 2NH4SCN = 2NH4NO3 + Hg(SCN)3, 
2NH4SCN = Hg(N03)3 E HgO, 

2 X 76 = 216*6 grammes of HgO, 
1000 mils N/1 NH4SCN= 108*25 grammes of HgO, 

1 mil N/10 NH4SCN = 0*010825 gramme of HgO. 


HYDRARGYRI OXmUM FLAVUM 

Yellow Mercuric Oxide, HgO. (Mol. WJb. =216*6) 

This is required to contain not less than 99*3 per cent of HgO. 

Preparation. — The yellow oxide is not formed when mercury 
or a mercuric salt is heatt‘d in air ; it is usually prepared by various 
processes of precipitation, the following being a common method. 
A warm aqueous solution of 5 parts of mercuric chloride, filtered 
if necejwary, is slowly added to a solution of 2 parts of so^um 
hydroxide. After stirring well, the yellow precipitate is allowed 
to subside, washed by decantation, transferred to a calico filter, 
and again washed until free from chloride. It is then dried at 
atmospheric tc*mperature. 

Properties. — A yellow amorphous powder. Insoluble in water, 
but readily soluble in mineral acids with formation of the mercuric 
salt of the acid used. When gently heated it is converted into 
the red oxide, which then decomposes into mercury and oxygen 
when the temperature is raised. The yellow oxide differs trom 
the red oxide in physical properties, and, chemically, the yellow 
oxide is more reactive than the red, the differences being due, 
presumably, to its finer state of subdivision, or to a difference in 
molecular complexity. 

Tests for Impurities. Non-volatile Solids {Limit o/).-~When 
treated as under Hydrargyri Oxidum Rubrum it should leave not 
more than 0*6 per cent 01 residue. 

Free Alkali . — When 1 gramme is shaken with 6 mils of water 
for five minutes, the mixture should be neutral to litmus. 

Quantitative Elstlmatlon. — It is estimated in exactly* the s ame 
manner as Hydrargyri Oxidum Rubrum. 
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Hvi)RARGYRI PER^ORIDUM 

Mercuric Chloride, HgQ,. (Mol. Wt. =271-6) 

8yna. Corrosive Sublimate ; Perchloride of Mercury ; 

. Bichloride of Mercury 

This is required to contain ^ot less than 98'6 per cent of HgOlf. 

Preparation. — (1) It is usually manufactured by heating t 
mixture of mercuric sulphate, sodium chloride, and a little, 
manganese dioxide, and collecting the sublimate : 

, HgS 04 + 2 NaCl=HgC 4 +Na^ 04 . 

The manganese dioxide — an oxidising agent — ^prevents the fprma* 
tion of mercurous chloride. 

(2) It is sometimes obtained by passing chlorine over metallic 
mercury, heated nearly to boiling : 

. • Hg+aa = Hga,. 

Properties. — Heavy, colourless, crystalline masses, or needle* 
shaped crystals. Soluble 1-18 in water, 1-4 in alcohol (90 per 
cent), and 1-4 in ether. When heated, it sublimes without decom- 
position, and should leave not more than a trace of residue. 

Quantitative Estimation. — ^It is estimated by reducing to metallicT 
merely and weighing. Weigh about 0-6 gramme, dissolve in 
20 mils of water in a tared beaker-flask. Add sufficient hypo* > 
phosphorous acid (about 10 mils) to reduce the whole of the mercuno 
chloride, and heat on a water-bath imtil the mercury collects at 
the bottom of the flask. Decant the supernatant liquid through 
a tar^ filter-paper, in order to avoid loss of mercury, and washr 
the flask succeisively with water, alcohol (90 per cent), and ether, 
passing the washings through the filter-paper. Dry both flask 
knd filter-paper over concentrated sulphuric acid in a desiccator, 

Hg.Hga, 

200*6 grammes = 271-5 grammes. 

The Pharmacopoeia requires that mercuric chloride shall yield 
between 72*8 and 73-8 per cent of metallic mercury. 

Ll<|bor Hydrargyii Perohlorldl. Solution of Mercuric Chloride , — • 
This is a 0*1 per cent w/v solution of mercuric chloride f it should 
be kept protected from light, as otherwise it may lq)se strength 
through deposition of mercurous chloride, HgCl. 


HYDRARGYRUM AMMONIATUM 

Ammoniated Mercury, NHgHgCl, (Mol. Wt. ^252y 
Sffna, White Precipitate ; Ammonio-chloride of Mercury 
• Mercuric -ammonium Chloride ^ 

This is required to contain not less than 94-6 per cent of 
It may be regarded as ammonium chloride, in wmcl 
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vwo Atoms df hydrogen hdve been displaoeA by an atom of 
meroury. 

Praiiaratlon. — ^A solution of 3 parts of mercuric chloride in 60 
parts of water is added, with constant stirring, to 4 parts of Solution 
of Ammonia, diluted with 20 parts of water : 

HgCl4 + 2NH4-NH,HgCI +NH4a. 

The precipitate is collectbd cm a filter, washed with cold water, and 
juried at a temperature not exceeding 30^. The washing should 
not be continuea long enough to remove all the ammonium chloride, 
or the product will be yellowish. ^ 

^ Fr<qMMrilea."r:A heavy, white, amorphous powder, Insoluble in 
'water, alcpfid, and ether. It is slowly decomposed by cold water, 
and boiling water converts it into a yellow basic compound, 
NH«HgCI,HgO. Warmed with sodium hydroxide solution, it 
evolve ammonia and becomes yellow, and the liqpid, filtered and 
acidified with nitric acid, yields a white precipitate of silver chloride 
on i^dition of silver nitrate. On heating, it should sublime without 
appreciable residue. 

Quantitative Estimation. — It is estimated bv adding excess of 
potA&ium iodide and titrating the liberated * ammonium and 
potassium hydroxides with standard acid : 

■NH,Hga + 2KI+2H,0 = HgI, + NH40H+K0H+Ka * 

The mercuric iodide dissolves in the excess of potassium iodide. 
IVeigh .0*3 gramme, trituraU? in a glass mortar with a few drops of 
vatcr, and transfer to a flask with the aid of 40 mils of water ; then 
inae the mortar with a solution of a}>out 2 grammei| of potshsium 
odide in 10 mils of water, odd this to the contents of the flask, 
the flask, and shake until solution is complete. Titrate with . 
N/10 hydrochloric acid, using methyl orange as indicator : 

NHoHgCl 3 NH.OH + KOH, 

2Hn + NH4OH + KOH = NH4a + KOI + 2H,0, 
2IiCl3NH,Hga, 

2 X 36*6 3 262 

JOOO mils N/1 HCls 126 grammes of NHjHgCl, 

1 mil N/10 HClsO-0126 gramme of NH,HgC"l. 


HYDRARGYRI lODIDUM RUBRUM 

^ Bed Mercuric Iodide, Hgl,. (Mol. Wt. »464'5.) 

Syiia. Biniodide of Mercury ; Mercuric Iodide 

Pr^aratUm. — ^This is made by mixiim dilute solutions of mercuric 
chloride (4 parts) and potassium iodiao (6 parts), collecting the 
precipitate, waslung with cold water, and drying below 40'’ : 

HirCL+2KI«HgI,+2Ka 
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Properties. — ^A bright, scarlet-redf minutely crystalline powder. 
Almost insoluble in water ; sparingly soluble in alcohol (90 per 
cent) ; readily soluble in ether. It is freely soluble in aqueous 
solutions of potassium iodide and other iodides owing to the forma- 
tion of soluble double salts. When heated, it becomes yellow at 
150°, and, at higher temperatures, volatilises. 

Tests for Impurities. Nop^^latile Solids . — When heated to dull 
redness it should volatilise, leaving not more than a trace of residue. 

Mercurmis Iodide . — ^It should be freely and entirely soluble in 
ether. 

Mercuric ar\d other Chlorides (Limit of ). — Shake 0*6 gramme 
with 10 mils of water, and filter. The filtrate should not be coloured 
more than slightly brown by hydrogen sulphide (limit of mercuric 
chloride), and should not become more than opalescent on addition 
of silver nitrate (limit of chlorides). 


LIQUOR HYDRARGYRI NITRATIS ACIDUS 

Acid Solution of Mercuric Nitrate 

Preparation. — M^‘i‘tury (24 parts by weight) is dissolved in a 
mixture of 30 parts of nitric acid and 9 parts of water, without 
the aid of heat, in a tared flask : 

2Hg + 2 HNO 3 = HgNOg + 2H, 

HN 03 + 2H = HN08 + H20.. 

The solution of mercurous nitrate is green owing to the presence of 
nitrous aokl. Wlien all the mercury has dissolved, the solution is 
boiled, mercuric nitrate being formed, and oxides of nitrogen 
evolved : 

HgNOa + 2 HNO 3 = Hg(N03)3 + H 3 O + NO*. 

The liquid is then evaporated to 72 parts by weight. If heating be 
commenced before all the mercury has dissolved, a violent reaction 
takes place. 

Properties. — A colourless, strongly acid liquid. Specific gravity 
about 2*0. It should bo preserved in a stoppered bottle away from 
light. 

Test for Impurity. — On diluting and adding dilute hydrochloric 
acid there should be no precipitate (absence of mercurous salts). 

Unguentum Hydrargyrl Nltratls. Mercuric Nitrate Ointment . — 
This is prepared by dissolving mercury in cold nitric acid, and 
CTadually adding the solution of mercurous nitrate to a mixture of 
lard ana olive oil, previously heated on a sand-bath to 150° and 
transferred to an earthenware jar. The mixture is stirred constantly 
at a temmrature of not less than 00° until oxides of nitrogen cease 
to be evolved, and then stirred until cold. 

The heat converts the mercurous nitrate into mercuric nitrate ; 

HgNO, + 2HNO, -Hg(NO,)3 + HtO +NO*, 
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and by the action of the ezoees of nitric acid, the tri-olein (p. 274) of 
the lai^ and olive oil ia converted into its inomer el&idin. 


HYDRARGYRI SUBCHLORIDUM 

MercurouH Chloride, HgCl, (Mol. Wt. =»230.) 

Syns. C’alomel ; Subchlorido of Mercury ; Hydrargyri Chloridum 

Preparation.— (1) Thi8 in obtained oa a sublimate by heating 
an intimate mixture of mercuric sulphate, mercury, and sodUum 
chloride : • 

HgSO, + Hg = Htf»S()4. 

Hg 2 S(\ + 2NaCl = 2Hg(:i + 

The product is rejK'atcdly washed, first with dilute nitric acid to 
remove trac(^s of free mercury, and then with water, to remove 
soluble mercuric salts. 

(2) It is also obtained when an intimate mixture of mercuric 
chloride and mercury is sublimed : 

HgCl2^-Hg-2HgCn. 

Properties. — A heavy, white, or slightly yellowish jjowdor, 
nearly ta.stcle8S. Insoluble in waU'r, alcohol, ether, ana dilute 
acids. A hot mixture of concentrat4*d nitric and hydrochloric 
acids oxidises it to soluble mercuric chloride. Treated with sodium, 
ix)tassium, ammonium, or calcium hydroxides it becomes black (vide 
infra). When heated, it sublimes. 

Tests for Impurities. Non-volatile Solids. — When strongly 
heated it should leave not more than a trace of residue. 

Mercuric -ammonium Chloride. — When warmed with sodium 
hydroxide solution, no ammonia should lx* evolved (test with 
turmeric paper, p, 32). 

Mercuric Chloride. — Shake 1 gramme with 10 mils of water and 
filter. The filtrate should not be darkened by hydrogen sulphide. 
Owing to the highly toxic nature of mercuric chloride, this is a very 
important test. 

Mercurial I^otions 

Lotto Hydrargyri Flava. Yellow Mercurial Lotion. Syn. Yellow 
Wash. — ^This is prepared by adding 4*0 parts of mercuric chloride 
to 1000 parts of Solution of Lime. The resulting precipitate is one 
of yellow oxide of mercury : 

Ca(OH)s -h HgCl, =:CaCl, + HgO + H,0. 

It is always advisable to add the salt to the lime water, and not 
vice verea^ or there is a possibility of the red oxide being produced. 

• 

Lotto Hydrargyri Nigra. Black Mercurial Lotion. Syn. Black 
Wash. — This is prepared by triturating 6*86 parts of mercurous 
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chloride with 50 parts of glycerin, an(h adding sufficient Solution of 
Lime to produce 1000 parts. 

The black precipitate consists in the first instance of mercurous 
oxide ; 

Ca(OH)2 + 2HgCl = Hg^O + CaOa + HjO, 

but on exposure to light the precipitate becomes brownish, owing 
to partial decomposition into mercury and mercuric oxide : 

Hg,0-HgO + Hg. 


COMPOUNDS OF COPPER 
Cu (Atomic Wt. =63*5) 

Copper is sometimes found in Nature in the free state, but is 
generiuly extracted from the mineral copper pyrites, CuFeS2. Of 
the many copper ores of lesser importance may be mentioned cuprite, 
CujO, copper glance, CujS, and malachite, CuC03,Cu(0H)2. 

Copper forms two series of salts — the cuprous salts, derived 
from cuprous oxide, CujO, and the cupric salts, derived from cupric 
oxide, CuO. Most salts of copper are blue or green. Only one — 
cupric sulphate — ^is official. 

General Tests for Copper. — (1) Hydrogen sulphide gives with 
solutions of copper salts a black precipitate of cupric sulphide, CuS. 
The precipitate is insoluble in yellow ammonium sulphide, but 
dissolves in dilute nitric acid on boiling. 

(2) Ammonium hydroxide, added to a solution of a copper salt, 
produces a pale blue precipitate of cupric hydroxide, Cu(OH)2, 
which dissolves in excess of the precipitant to form a deep blue 
solution, containing a complex ammino, of the t3rpe Cu(NH3)4S04. 

(3) A solution of a copper salt, acidified with acetic acid, gives 
with potassium ferrocyanido a brown precipitate of copper ferro- 
oyaniae. This is a very delicate test for copper. Even with minute 
traces a brown coloration is produced. 

(4) Copper compopnds, moistened with strong hydrochloric 
acid, impart a green colour to the bunsen flame. 


CUPRI SULPHAS 

Copper Sulphate, CuS04.6Ha0. (Mol. Wt. = 249-6.) 

Syn, Cupric Sulphate. Unofficial Syn, Blue Vitriol 

Preparation. — (1) It may be prepaid by heating cupric oxide 
with dilute sulphuric acid, or metric copper with concentrated 
Bulphuricbacid : 

CuO + HaS04 -CuSO* + Bfi, 

Cu + 2H1SO4 “CuSOa -I- SO2 + 2H2O. 
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(2) It is manufactured on the largo scale by, heating scrap copper 
with dilute sulphuric acid, a current of air teing passed through 
the liquid : 

2Cu + 2 H^S 04 + O, = 2 CUSO 4 + 2 H 4 O. 


The product in all these oases is purified by crystallisation from 
water. • 

Properties. — Hlue triolinic prisms. Soluble 1-3*5 in water, 
• forming an at*id solution owing to hydrolysis ; very soluble in 
glycerin, almost insoluble in alcohol (W p(*r cent). When heated 
to 100°, it loses 4 molecules of water of crystallisation, and at 
about 250° it becomes anhydrous, the anhydrous salt being white, 
but becoming blue again on moistening with water. Copper 
sulphate lilK-rates iodine from a solution (»f |K)ta.ssium iodide acidined 
with acetic acid : 

CUSO 4 + 2 KI - Culj + K JSO 4 , 

2CuIj=2CuI+l4. 

This reaction is sometimes employed in the quantitative estimation 
of copper sulphate*, the liberated iodine l)eing titrated with standard 
thiosulphate solution. 

Tests for Impurities. (To be applied to the aqueous solution.) 
Lead . — Boil with excess of sodium nydroxide solution, and filter. 
Add to the filtrates ammonium hydroxide and |X)tassium cyanide, 
then a drop of sodium sulphide solution, when there shoula bo no 
dark coloration. 

Iron (Limit of ). — Weigh 5 grammes, dissolve in about 25 mils 
of water, odd 2 rails of conoentrat<‘d nitric acid, heat to boiling, 
cool, and add strong ammonium hydroxide* until the precipitate 
which first forms is redissolved and the liquid has a distinct odour 
of ammonia. Filter, wash the fiJter-pape*r thoroughly with very 
dilute ammonium hydroxide, redissolve in hydrochloric acid any 
precipitate that has been collected, reprecipitate with ammonium 
hydroxide, collect, wash, dry, ignite, and weigh the residue. It 
should not weigh more than 0 007 gramme, corresponding to less 
than 0*1 per cent of iron, calculated as Fo, in the sample of copper 
sulphate. 

Aluminium and Zinc . — Add a few drops of dilute hydrochloric 
acid and pass hydrogen sulphide to precipitate all the copper. 
Filter, boil the filtrate to expel hydrogen sulphide, add a few orops 
of nitric acid, and again boil. Add excess of sodium hydroxide, 
filter if necessary, add to the filtrate excess of ammonium chloride, 
and boil. There should be no precipitate (absence of aluminium). 
Filter, and pass hydrogen sulphide tnrough the filtrate, when there 
should be no precipitate (absence of zinc). 

Araenic ikmit. — 10 parts per million (p. 176). 
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COMPOUNDS OF SILVER 
Ag (Atomic Wt. = 108) 

Silver occurs in the free state and also as silver glance, AgjS ; 
many silver ores consist of the sulphide associated with the sulphides 
of arsenic, antimony, or copper. Much of the silver of commerce 
is obtained from galena (p. 167), which contains notable quantities 
of silver compounds. 

General Tests for Silver. — (1) Hydrochloric acid added to a 
solujjion of a silver salt gives a white precipitate of silver chloride, 
AgCl, insoluble in nitric acid and in boiling water, but soluble 
in ammonium hydroxide (distinction from mercurous salts and 
lead). 

(2) Potassium chromate, added to a neutral solution of a silver 
salt, gives a red precipitate of the chromate, Ag 2 Cr 04 , soluble in 
dilute nitric acid. 


ARGENTI NITRAS 

Silver Nitrate, AgNOg. (Mol. Wt. - 170.) Syn. Lunar Caustic 

Preparation. — Metallic silver is dissolved in hot, fairly con- 
centrated nitric acid : 

Ag + 2 HNO 3 = AgNOg + HgO + NOg. 

The solution is ovaporaU'd to dryness, and the residue heated to 
expel all nitric acid. The product is then purified by recrystallisa- 
tion from water. 

Properties. — Colourless tabular crystals, with a bitter, caustic 
metallic taste. Soluble 2-1 in water, forming a neutral solution ; 
slightly soluble in alcohol (90 per cent). It melts at about 218*’ 
without decomposition, but decomposes at a red heat with evolu- 
tion of oxides of nitrogen, leaving a residue of metallic silver. 

Tests for Impurities. Lead . — ^Thc aqueous solution should give 
no turbidity on adding dilute sulphuric acid and warming. Minute 
traces of lead may bo detected by adding excess of hydrochloric 
acid to an aqueous solution, filtering, rendering the filtrate alkaline 
with ammonium hydroxide, and adding potassium cyanide followed 
by a drop of sodium sulphide solution, when there should be no 
dark coloration. 

Copper . — ^Add to the aqueous solution excess of ammonium 
hydroxide, and filter. The filtrate should have no blue tinge, 
and on acidifying with acetic acid and adding potassium ferro- 
o^anide the precipitate produced should be white, with no brown 
tinge. 

/rtwi.-^Acidify the aqueous solution with nitric acid, and add 
potassium ferrocyanide, when there should be no blue or green 
Qoloration. 
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StdphaU . — Add excess of iiydrochloric acid to a solution, and 
filter. The filtrate should give no turbidity on the addition of 
barium chloride. 

Quantitative Estimation. — It is estimated gravimctrically as the 
chloride, AgCl. Weigh about 0*5 gramme, dissolve in about 
50 mils of hot water, and add a slight excess of hydrochloric acid. 
Boil, collect the precipitate on asbestos in a tared Gooch cnicible ; 
wash until the washings are free from chloride ; dry the crucible 
end contents in an aii -oven at about 120^*, coob and weigh : 

AgNO, + HCl =» AgC^l + HNO3, 

AgC’UAgxNOa, 

143*5 grammes^ 170 grammes. 

The Pharnmcojxeia Requires that from 1 gramme of silver 
nitrate the precipitate shall weigh 0*843 gramme. 

Argentl Nltras Induratus. Tottghened Caustic . — This is prepared 
by melting 19 parts of silver nitrate and 1 part of potassium 
nitrate in a porcelain dish, mixing well, and y)ouring the fused 
mass into cylindrical or conical moulds of silver or platinum. 

Properties . — White or greyish-white, oylindrfbal rods or cones 
which are much l(\ss brittle than pure silver nitrate. Very caustic. 
Freely soluble in water ; sparingly soluble in alcohol (90 per cent). 

Quantitative Estimation . — ^The silver is estimated as chloride, 
as described under Argenti Nitras, using the same quantity. The 
Pharmacopa*ia requires that the pix‘cipitate obtained from 1 gramme 
shall weigh 0*8 gramme and that the filtrate, on evayK)ration, shall 
yield a wnite residue. 

Argenti Nitras Mitlgatus. Mitigated Caustic . — This is prepared 
in the same manner as Argenti Nitras Induratus, extept that only 
1 part of silver nitrate is employed to 2 parts of potassium nitrate. 
It is similar in properties, but is less caustic. 

Quantitative Estimation . — ^As for Argenti Nitras, using about 
1*5 gramme of the substance. The Pharmacopceia requires that 
the [)recipitato from 3 grammes shall weigh 0*843 gramme. 


COMPOUNDS OF LEAD 
Pb (Atomic Wt. =207) 

Lead is nearly always obtained from the naturally occurring 
sulphide, galena^ PbS. Other lead ores ore cerussitCf PbCO„ and 
anglesiUf PbS04. The metal is obtained from galena by roasting 
in a reverberatory furnace. The first reaction is the oxidation of 
part of the^sulphide to a mixture of sulphate and oxide : 

PbS+20,=PbS04, 

2PbS + 30*=2Pb0 + 2S0,. 
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On raising the temperature, the sulphate and oxide react with the 
rest of the sulphide, and the metal is liberated : 

PbS04 + PbS-2Pb + 2S0j, 

2Pb0 + PbS=*3Pb + S02. 

Lead forms a number of oxides, of which three — litharge, PbO 
(yellow), lead peroxide, PbOj (brown), and “ red lead ”, PbjO^ 
(red) — are the most important. The stable salts of lead are derived 
from litharge. 

General Tests for Lead. — (1) When heated with sodium car- 
bonate on a charcoal block in the blowpipe dame, lead compounds 
yield a bead of metal and a yellow encrustation of oxide. The 
metallic bead is soft and malleable, and marks paper. 

(2) A cold solution of a lead salt gives, with hydrochloric acid, 
a white precipitates of the chloride, PbClg. The precipitate is 
soluble in hot water and crystallises out in small needles on cooling. 

(3) Potassium chromate gives with solutions of lead salts a 
yellow precipitate of lead chromate, PbCr04, insoluble in acetic 
acid. 

(4) Hydrogen sulphide precipitates black lead sulphide, PbS, 
when passed through solutions of lead salts. The ]>reeipitate is 
insoluble in dilute hydrochloric acid, but is soluble in boiling dilute 
nitric acid. If only traces of lead are present in a solution, hydrogen 
sulphide produces a brown coloration. 

(6) Sulphuric acid precipitates lead sulphate, PbS04, from 
solutions of lead salts. The precipitate is almost insoluble in water, 
and even less soluble in dilute alcohol. 


PLUMBI OXIDUM 

Lead Oxide, PbO. (Mol. Wt. =223.) *Sfyn. litharge 

Preparation. — (1) Litharge is formed when lead nitrate or 
carbonate is heated : 

2Pb(N03)5, =2PbO +4NO2 + O3. 

(2) It is manufactured by allowing a powerful air-blast to 
impinge upon molten lead. T^ho air-blast causes the oxidation of 
the metal, and partially separates the comparatively light surface 
film of oxide from the heavy metal : 

. 2Pb + Oa=2PbO. 

Litharge is generally obtained in this way during the extraction 
of silver from argentiferous lead ores (p. 166). When the oxide 
is prepared at a fairly low temperature it forms a yellow, amorphous 
powder known as massicot, which is changed into litharge by 
fusing add allowing to cool. 

Properties. — Heavy, reddish-yellow, semi-crystalline scales, or 
^ reddish-yellow powder. Almost insoluble in nn-- 
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heated, it changes in colour to dark reddish-brown, becoming yellow 
again on cooling. It melts at a bright red heat without decomposi- 
tion. It dissolves in acids with formation of the salt of the acid 
used. 

Tests for Impurities. Carbonate and Silica . — It should dissolve 
in dilute nitric acid, and in acetic acid, with but slight effervescence, 
leaving not more than traces of insoluble residue. 

Copper . — Dissolve in dilute nitric acid, add excess of ammonium 
iiydroxido and filter. The filtrate should have no blue tinge, 
and on acidifying with acetic acid and adding potassium ferro- 
cyanidc should not iw'cpiire a brown coloration. • 

Iron . — Dissolve in dilute nitric acid and add potassium ferro- 
cyanide, when there should not Ijo more than a slight blue or green 
colour 


PLUMBl lODIDUM 

lx‘ad Iodide, Pbljj. (Mol. Wt. =461) 

Preparation. —Add a solution of 9 parts of lead acetate in 40 
parts of boiling water to one of 8 parts of ixxtassium iodide in 
6 parts of boiling watcT. On cooling, lead iodide crystallises out, 
and is colb !c ted on a filter, wa.Mhed with cold water and dried on a 
porous platt* : 

((’H3 . (JOOlgPb f 2KI •= Pblg 4 2OH3 . COOK. 

In.stead of lead acctat^% 8 j)arts of lead nitrate may be employed. 

Properties. Very small, slender, glistening, golden - yellow 
crystals. Samples which have lx*en prepared by precipitation 
from cold solutions, and not subsequently crystallised, are met with 
as a heavy, bright yellow powder. Soluble 1-2000 in cold water, 
1-200 in boiling water, forming colourless, neutral solutions. A hot 
saturated solution, on cooling, deposits the salt in golden -yellow 
crystals, the appearance of which is very characteristic. It is 
readily soluble in ammonium chloride solution. On heating in 
air, it darkens until almost black, and at higher temperatures it 
is oxidised with loss of iodine, a yellow crystalline basic iodide 
remaining. 

Tests for Impurities, ('hromate and other Insoluble Salts . — It 
should be complett'ly soluble when heated on a water-bath with 
a strong solution of ammonium chloride. 

Nitrate . — Boil with water, cool, and filt<*r. To the filtrate add 
dilute sulphuric acid, a scrap of zinc, and some starch mucilage. 
No blue colour should develop. 

Acetate . — Boil with water, cool, filter, pass hydrogen sulphide 
through the filtrate to completely precipitate the lead, md filter 
again. Boil the filtrate to expel hyA'ogen sulphide ; cool, carefully 
neutralise with ammonium hydroxide, and add a drop of ferric 
chloride solution. There should be no red coloration. 
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« 

PLUMB! ACETAS 

Lead Acetate (CHg . COO)jPb,3HjO. (Mol. Wt. = 379) 

8yn. Sugar of Lead 

This is required to contain not less than 99*5 per cent of 
(CHs.COO)aPb,3Ha(). 

Preparation. — It may be prepared in the laboratory by boiling 
1 part of litharge with 2 parts of 30 per cent acetic acid, filtering’ 
while hot, and allowing to cool : 

PbO + 2 CH 3 . COOH = (CH 3 . COO) 3 Pb + H^O. 

The crystals are collected, and dried at atmospheric temperature. 
Ijead carbonate may be employed instead of the oxide. 

On the large scale, vapours of acetie acid are passed through 
vessels containing perforated shelves on which the litharge is 
spread. 

Properties.— Colourless, monoclinic prisms, or white crystalline 
masses, slightly efflorescent. It has a sweet though astringent 
taste, and a slight odour of acetic acid, the odour b£‘ing due to its 
slow decomposition into acetic acid and a basic acetate. Soluble 
1-2*5 in water, forming an acid solution which is clear, or, if slightly 
turbid, becomes clear on addition of acetic acid. Soluble 1-30 in 
alcohol (90 per cent). When heated to 40°, or even when left in 
a desiccator over sulphuric acid, it loses its water of crystallisation. 
When heated rapidly, the crystalline salt dissolves in its water of 
crystallisation, and as the temperature is raised, it is converted 
into a basic salt, with loss of acetic acid. On continued heating, 
inflammable vapours are evolved, and eventually there remains 
a yellowish residue consisting of finely divided lead mixed with 
oxide. 

Tests for Impurities. Silver . — ^Add a few drops of hydrochloric 
acid to an aqueous solution, and heat to boiling, when the solution 
should bo clear. 

Arsenic . — Apply Floitmann’s test (p. 143). 

Copper and Iron . — Test as under Humbi Oxidum. 

Zinc and Calcium . — To the aqueous solution add a slight 
exeess of dilute hydrochloric acid ; cool well, filter, pass hydrogen 
sulphide through the filtrate to complete the removal of the lead, 
and again filter. Boil the filtrate to expel hydrogen sulphide, 
add a mw drops of nitric acid, and boil again ; then add ammonium 
chloride and excess of ammonium hydroxide, and filter if necessary. 
Pass hydrogen sidphide through the filtrate, when there should 
no precipitate (a^nce of zinc). Filter, boil, then add to the 
filtrate ammonium oxalate, when there should be no precipitate 
(absence of calcium). 

Carbonate . — ^The aqueous solution, prepared with previously 
f boiled and cooled water, should not be more than slightly opalescent. 
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Chloride. — Acidify the aqueouA Holiition with nitric acid and 
add silver nitrate. I'herc should be no opalescence. 

Nitrate. — ^Apply the brown ring test (p. 35). 

Quantitative Estimation. — The lead is estimatcHl by precipita- 
tion as oxalate from an acetic acid solution, the precipitate beinf 
heated with sulphuric acid, and the liberated oxalic acid titrated 
with standard |X)tasKium {x^rmtingitnatc. Weigh 0*5 gramme, 
dissolve in water acidified with acetic acid, and add excess of 
.oxalic acid solution. Collect the precipitate on a filter-paper, 
wa.sh thoroughly to rt^move excess of oxalic acid, transfer to a 
flask, add excess of dilute sulphuric acid, warm, and titrate wiith 
N/10 potassium {x^rinanganate : 

(CH, . COOaPb + (COOH), = (COO),Pb 4- 2 CH 3 . COOH, 
(COO)jPb + HjS 04 = PbSO* + 

2KM11O. + 5(COOH), + 3 HjS 04 = K2SO4 f 2MnS04 + lOCOj + 8H,0, 
2KMn04 s 5(COOH)a s SfCOOljPb ^ SfCHg . C00),Pb,3H,0, 
2KMn04 - 5 X 379 grammes of (CH3 . C00)2Pb,3H,0, 

1000 mils of N/1 KMnO, = 

= 189-5 grammes o1 (CH, . C00),Pb,3H,0, 
1 mil N/10 KMnO^sO OlSOO gramme of (CM, . C00),Pb,3H,0. 

Liquor Plumhl Suhacetatls Fortls. Strong Solution of Lead Sub- 
acetate. Syn. Goulard’s Extract. 

Preparation, — Lead oxide (35 parts) is added to a solution of 
lead acetate (50 parts) in 150 parts of water, and the mixture 
set aside for forty-eight hours, ^v^th occasional shaking : 

(CH 3 . COO) 2 Pb + PbO -t-HjO = (CH 3 . COO) 2 Pb,Pb(OH)j. 

The solution of basic lead acetate (subacctate) is filtered from the 
insoluble, more basic acetates which are also formed, and sufficient 
water passed through the filter, if necessary, to produce a solution 
of the required specific gravity, using a hydrometer. It may bo 
noted that, since the solution i.H to have a definite specific gravity, 
it is useless U) adjust it to volume. 

Properties. — A clear colourless liquid, with a sweet astringent 
taste ; alkaline to litmus. On exposure t<} air it becomes tu^id, 
owing to absorption of atmospheric carlnm dioxide with precipita- 
tion of a basic carbonate : 

(CHj . COO),Pb,Pb(OH), + COj + H,0 

- PbC03,Pb(0H), + 2CH, . COOH. 

Specific gravity 1*275. With mucilage of acacia, the solution 
yields a thick, white, gelatinous precipitate, which serves to dis- 
tinguish the solution from one of lead acetate. (This test play also 
be employed for distinguishing mucilage of acacia from mucilages 
of other ^ms.) 

Quantitative Estimation. — ^The lead is estimated as described* 
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mder Plumbi Acetas, wighing about 1 gramme of the Uquor and 
diluting with water. The Pharmacopoeia requires that the’le^ 
^huri^'^^A %»«>«•, after decomposition with 

Liquor Plumbi Subacelatls Dllutus. Biluied Solution of Lead 
Goulard’s Lotion; Goulard Water.— I^s is 
a dilution of 12-5 parts of the strong solution to 1000 parts 
with previously boiled and cooled water. The use of water ^con ' 

P-^lPiMon of ™ 




CHAPTER XII 

THE LIMIT-TESTS FOR LEAD AND ARSENIC 

Lead and arsenic in small quantities are frequently present in 
chemical substances, and such traces arc removable only with 
groat difficulty. Owing to the toxicity and cumulative nature 
of these impurities, it will lie seen that their presence in medicinal 
chemicals is a matter of considerable importance, and this fact 
receiv<jd recognition in the 1914 edition of the Pharmacopoeia. 
Although it is not feasible to insist u]X)n the complete absence 
of lead and arsenic from all medicinal substances, bmits are pre- 
scribed, varying according to the normal dosa of the substance 
under examination, and, to some extemt, to the practicability of 
preparing ordinary samples containing these impurities in sufficiently 
small proportioas. 

The prescril)cd limits arc so small that the ordinary methods 
of quantitative analysis are useless, and, therefore, special forms 
of procedure are included in the Pharmacopana. These will now 
lx* described. 


THE LIMIT-TEST FOR LEAD 

Solutions containing lead salts yield, with sodium sulphide, a 
black precipitate of le^ sul{)hide, which produces, in very dilute 
solutions, a brown coloration of varying intensity, according to the 
quantity of lead salt present. The jiroduction of this coloration 
forms the basis of a colorimetric method described in the Phar- 
macopceia for the estimation of traces of lead. Under ordinary 
circumstances, similar precipitates of the sulphides of copper and 
iron are produced by sodium sulphide, should traces of these metals 
be present in the solution, and u^ess suitable precautions are taken 
to prevent the precipitation of the sulphides of these metals, the 
lead test is valueless. This difficulty is overcome by previously 
adding ammonium hydroxide and potassium cyanide, which prevent 
the precipitation of traces of copper and iron as sulphides. 

Two solutions of the substance to be tested are prepared ; 

(i.) A primary aolutiony containing 12 grammes of the substance 
and . 

(ii.) An auxiliary solution, containing 2 grammes of the substance. 

* In some cases the primary solution contains 7 or 4 grammes. 

173 
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To each is added a definite quantity ammonium hydroxide and 
of potassium cyanide solution. Sufficient lead nitrate solution of 
knoum strength is then added to the auxiliary solution, so that on 
the addition of sodium sulphide, and dilution to equal volumes, 
the intensity of the coloration in each solution is the same. By 
carrying out several comparative tests, adding different quantities 
of the standard lead nitrate solution to the auidliary solution for 
each test, it is possible to determine the parts per i^ion of lead 
present in the substance. The standard lead solution employed 
is of such a strength that it contains 10 parts per million of lead, 
so, since the primary solution contains 10 grammes more of the 
suFstance than the auxiliary, it follows that, 2 the addition of 1 mil 
of lead solution to the auxiliary solution produces a coloration equal 
in intensity to that of the primary solution (when sodium sulphide 
is added to both), then the substance contains 1 part per million 
of load. 

Apparatus Required 

The apparatus employed consists of two Nessler glasses. These 
are cylindncal vessels made of thin, lead -free glass. They are 
about 15 centimetres in height, and at a distance of 10 centimetres 
from the bottom they bear a mark indicating a volume of 50 mils. 
When the test is being carried out, these glasses are placed close 
toother on a white tile, preferably one of opal glass, and the 
colorations are viewed by the light reflected from the tile, through 
the Nessler glasses, at an angle to the observer. 

Reagents Required 

Strong Solution of Lead PbT,* — Dissolve 0*16 gramme of lead 
nitrate in water, add 50 mils of Acidum Nitricum, and dilute to 
100 mils. The solution contains 0*001 gramme of lead in 1 mil. 

Dilute Solution of Lead PhT, — Dilute 1 mil of the strong 
solution, measured from a burette, with water to 100 mils. The 
solution contains 0*00001 gramme of lead in 1 mil. 

Solution of Potassium Cyanide PhT. — Dissolve 10 grammes of 
potassium cyanide in water and add 2 mils of Solution of Hydrogen 
Peroxide, then dilute the whole to 100 mils. After being allowed 
to stand, this solution should give no colour with the dilute solution 
of lead PbT when tested by the limit-test. 

Solution of Sodium Sulphidt, PbT. — Dissolve 10 grammes of 
sodium sulphide in water and dilute to 100 mils. 

General Method of Testing 

A primary solution containing 12 grammes of the substance 
to be tested, and an auxiliary solution containing 2 grammes, are 

* Tlie special reagents and solutions used in the limit-test for lead are 
distinguished by the letters “ PbT 
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prepared, and filtered if neoaisary. The solutions are introduced 
one into each Nessler glass, made alkaline with Solution of Ammonia, 
and 1 mil of solution of potassium cyanide PbT is added to each. 
If the colours of the solutions differ much, the difference may be 
rectified by th€» very cautious addition of an extremely dilute 
solution of burnt sugar. The volume of the primary solution is 
then adjusted to the 50- mil mark, an^ 2 drops of sodium sulphide 
solution PbT added. 

The next step is to ascertain what volume of dilute solution 
of lead PbT (in mils, measurt^d from a burette) it is nect^ssary to 
add to the auxiliary solution so that its colour (after dilution to 
50 rails and the addition of 2 drops of sodium sulphide solutibn 
PbT) shall be the same as that of the primary solution. This can 
only be ascertained by a series of experiments, and the first step 
is to use the maximum quantity j)ermisHiblo, since if this fails to 
prcxluco sufficient coloration in the auxiliary solution, the substance 
contains more lead than is allowed by the official limit. 

Foi; examf)le, say that the substance under examination is 
Acidura Hyilrochlorieum, then not more than 10 mils of dilute 
solution of lead PbT should bo required to produce a coloration 
in the auxiliary solution equal to that in the primary solution. 

In some cost’s, 7 grammes of the substance arc used in the 
primary solution, when each mil of dilute solution of lead PbT will 
eorresjKjnd to 2 parts ptr million of lead. In other eases, only 
4 grammes <;f the substances are used in the primary solution, when 
each mil of dilute solution of lead PbT will correspond to 5 jiarts 
jM*r million of lead. 


List of Substances 


Primary Solution, \2 grammes: Auxiliary Solution, 2 grammes. 


(Figures in brackets indicate limit of lead in parts {yar million.) 


Acidum Hydrobromicum (6). 
Acidum Hydrochloricum (10). 
A(;idum Phosphoricum Omc. (10). 
Acidum Sulphurosum (10). 
Ammonii Bromidum (10). 

^ Ammonii Carbonas (5). 

Ammonii Chloridum (5). 

Lithii Citras (5). 

Magnesii Sulphas (5). 

Potassii Acetas (10). 

Potassii Bicarbonas (5). 

Potassii Bromidum (10). 


Potassii Carl)onas (5). 
Potassii Citras (10). 
Potassii lodidum (10). 
Potassii Nitras (10). 

Sodii Bromidum (10). 

Sodii Carbonas (10). 

Sodii Chloridum (10). 

Sodii lodidum (10). 

Sodii Phosphas (5). 

Sodii Phosphas Acidus (5). 
Sodii Salicylas (10). 

Sodii SulpW (5). 
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Primary SdtUion, 7 grammes : AtMiary SohUioriy 2 grammes. 


* Acidum Acetylsalicylicum (10). 
> Acidum Boricum (26). 

Acidum Citricum (20). 

Acidum Hydriodicum Dil. (10). 
Acidum Lacticum (10). 

Acidum Nitricum (20). * 

Acidum Sulphuricum (20). 
Acidum Tartaricum (20). 
Ammonii Benzoas (10). 

Borax Purificatus (5). 

* Calc. Garb. Prsocip. (10). 

* Calcii Chloridum (20), 

® Calcii Hydras (20). 

* Calcii Hypophosphis (10). 


^ Calcii Lactas (10). 

^ lithii Carbonas (10). 

® Mag. Carb. Levis (20). 

® Mag. Carb. Pond. (20). 
Potassii Chloras (10). 
Potassii Sulphas (20). 
Potassii Tartras (20). 

* Potass. Tart. Acid. (20). 
Sodii Benzoas (10). 

® Sodii Bicarbonas (5). 
Sodii Carb. Exsic. (25). 
Sod. et. Pot. Tart. (20). 
Sodii Hypophosphis (10). 

* Strontii Bromidum (20). 


Primary Solution^ 4 grammes : Auxiliary Solution, 2 gramjnes. 

® Magnesia Levis (20). 

® Magnesia Ponderosa (20). 

Liquor Magnesii Bicarbonatis (0-5). — ^The primary solution is 
prepared by treating 200 mils with exce.ss of acetic acid and con- 
centrating so that the solution (after being made alkaline with 
Solution of Ammonia, and treated with solution of potassium cyanide 
PbT) measures 60 mils. Auxiliary solution consists of 100 mils 
similarly treated. 

Notes : 

' Primary solution boiled down to measure 60 mils. 

* Solution is effected by the addition of Solution of Aitimonia. 

* Solution prepared by dissolving in excess of Acidum Aceticum, 

boiling to expel any carbon dioxide present, then making 
alkaline with Solution of Ammonia, and adding solution of 
potassium cyanide PbT. 

* Acetic acid added to each solution before making alkaline with 

Solution of Ammonia. 

* Solution is effected by boiling. 


THE ARSENIC LIMIT-TEST * 

This test depends upon the fket that when hydrogen is produced 
by means of zinc and hydrochloric acid, in a solution containing 
arsenic, arsenious hydride is formed, and this; on coming into 

* This aooount of the Arsenic Limit-Test is substantially that given in the 
Supplementaiy Report of the Committee of Reference in Pliarmaoy to the 
Pharmacopoeia Committee of the Ceneral Medical Council, 1912. In aotuid 
practice the official process, as here described, is usually considerably modified 
with the object of ensuring greater speed and accuracy, but the student need 
only concern himself with the details of the official method. 
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contact with paper permeated with mercuric chloride, produces a 
yellow stain, tne intensity of which varies according to the quantity 
of arsenic present. The details of procedure employed in the 
Pharmacopoeia are based upon a paper by C. A. mil and H. S. 
Collins (Chemist and Druggist ^ 1905). The amount of arsenic in 
parts per million is calculated as A84O0. 

• 

Apparatus Required 

A wide-mouthed bottle (A, Fig. 2), cap- 
able of holding about 120 mils, and fitted 
with a rubber bung (C), through which passc‘H 
a glass tube (D). The latter — made from 
ordinary soft glass tubing — has a total length 
of 200 mm. and an internal diameter of 6 mm. 

(external diameter 7 mm.) and is open at 
both ends. The upper end is slightly widemd 
to a diameter of 8 mm. while the lower end is 
dranif out to about 1 mm. diameter and a 
hole (B) about 2 mm. diameter is blown in 
the side of the tube where it is constricted. 

Lead Papers , — Pieces of thin white liltt'r- 
paiKT 100 nim.x40 mm. soaked in a 10 jkt 
cent aqueous solution of lead acetattJ and 
dried (F). 

Mercuric Chloride Papers, — (Hreles of 
smooth white filter-paix*r 55 mm. diameter 
soaked in a saturated aqueous solution of 
mercuric chloride and dried (E). The mer- 
curic chloride i^apers should be stored in a 
stoppt3red bottle in the dark. If exposed to 
sunlight the mercuric compound bijcomes 
n'duccd and when utilised in an arsf‘iu<; test 
affords a lighter-coloured stain. 

Reagents Required 

The special reagents for Arsenic Tc'sting 
are distinguished by the letters “ AsT 

Hydrochloric Acid AsT . — ^This should not contain more than 
0*1 part per million of arsc^nic fAs404) as shown by lh(3 Ckmtrol 
Test (see under), and should be free from iron. 

Sulphuric Acid AsT . — 10 grammes t(»Hted as describeil under 
“ Acidum Sulphuricum ” (p. 181), but omitting the stannated 
hydrochloric acid' AsT and adding 0*2 mil of stannous chloride 
solution AsT, should give no visible stain. 

Nitric Acid AsT . — 10 mils treated as described under*** Acidum 
Nitricum ” (p. 181) should give no visible stain. 

Stannous Chloride Solution AsT . — Prepared from the B.P. 
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solution * by adding an equal volume* of hydrochloric acid, boiling 
down to the ori^al bulk and filtering. This should respond to 
the test for arsenic given below (Control Tost). 

Bromine Solution AsT — 

Bromine 30 grammes. 

Potassium bromide .... 30 grammes. 

Water to . * . . .100 mils. 

This should respond to the test for arsenic given below (Control Test). 
Arsenic Solution As T — 

, Hydrochloric solution of arsenic, B.P. 1 mil. 

Water to 1000 mils. 

This solution should Ikj freshly prepared. 

1 mil of this diluted solution contains 0*00001 gramme 
(«one hundredth of one milligramme) As 40 <j. 

Zinc AsT (Granulated Zinc). — ^This should conform to the 
arsenic requirement involved in the Control Test (see underj, and 
should bo free from iron. 

Potassium Chlorate AsT. — 5 grammes testc^d as described under 
“ Potassii Chloras !’ (p. 184), should give no visible stain. 

Calcium Hydroxide AsT. — 10 grammes tested, as described 
under “ Calcii Hydras ” (p. 182), should give no visible stain. 

Citric Acid AsT. — 10 grammes tesU'd, as described under 
“ Acidum Aceticum ” (p. 180), should give no visible stain. 

Stannated Hydrochloric Acid AsT (Hydrochloric Acid contain* 
ing Stannous Cldoride) : 

Stannous chloride solution AsT . . 1 mil. 

Hydrochloric acid AsT to . . . 100 mils. 

Brominated Hydrochloric Acid AsT (Hydrochloric Acid con 
taining Bromine) ; 

Bromine solution AsT .... 1 mil. 

Hydrochloric Acid AsT to . . .100 mils. 

Method of performing the Quantitative Test for Arsenic 

By a variable mcthtxi of procedure, suitable to the particular 
needs of each case, there is prepared from the substance to bo tested 
a solution, which may or may not contain the substance to be tested, 
but in every case contains the whole of the arsenic (if any) originally 
present in that substance. It is this solution— hereinafter referred 
to as the operative solution *’ — which is introduced into the 
actual test. 

* Solution of Stannous Chloride (Appendix II. B.P.) ia prepared by adding 
20 pammaH of granulated tin to a mixture of 60 mils of Hydroohlorio Acio 
and 20 mils of water, and heating gently till gas ceases to be evolved. Suffi* 
oiont water is then added to produce 100 mils, and the solution is allowed to 
lemain in oontaot with the undissolved tin. 
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General Test 

A strip of the lead ^mper is rolled up and placed in the glass 
tube, so that the upper end is not less than 2 cm. below the top of 
the tube. 

A piece of the mercuric chloride i>aper is now placed over the 
top of the tube and secured by mean« of a rubber ring. The tube 
is inserted in the rubber bung. 

The operative solution of the substance, prepared as specified, 
Is placed in the wide-mouthed bottle and 10 grammes of zinc AsT 
added. The rubber bung with gloss tube attached is quickly placed 
in position, so that the lower end of the tube is clear above ^ho 
surface of the liquid and the hole in the constricted [X)rtion of the 
tube is clear below the bottom of the bung. The action should be 
allowed to proceed for thirty to forty minuU^s, the mercuric chloride 
pajx'r not being exposed to strong sunlight. The action may bo 
accelerat'd by standing the apjmratus on a hot plate, care being 
taken Uiat the mercuric chloride paper remains quite dry throughout 
the duration of the t'st. 

The yellow stain which is ])roduced on the mercuric cliloride 
pajx'r if arsenic be present is compared, by daylight, with stains 
pr^uced by ojK^rating in a similar manncT with known quantities 
of the arsenic solution AsT. 

The comparisf»n of the stains should be made at the completion 
of the tt'st, and tho.se used for comparison should be fn^shly preparc'd. 
The stains fade ui)on keeping. 

Standard Stain. — Prepare a solution by adding to 50 mils of hot 
water, 10 mils of stannated hydrochloric acid AsT, and 1 mil of 
arsenic solution AsT. The resulting solution, when treated as 
described in the “ General Test ”, will yield a stain on the mercuric 
chloride pafK*r which will be referred to as the ” Standard Stain 

Control Tests foe Reagents AsT 

Hydrochloric Acid To 60 mils of the hydrochloric acid 

to be tested add 0*2 rail of bromine solution AsT, evaporate on a 
water-bath until reduced to 16 mils, add 50 mils of hut water and 
5 drops of stannous chloride solution AsT, and with this solution 
carry out the “ General Test ” described above. The stain produced 
on the mercuric chloride paper should not Ije de€?}x?r than that given 
by 10 mils of the same hydrochloric acid with 5 drops of stannous 
chloride solution AsT, 0*4 mil of arsenic wdution AsT, and 50 mils 
of hot water, showing that the proportion of arsenic present in the 
hydrochloric acid does not exceed OT part per million. 

Stannous Chloride Solution AsT . — ^To 10 mils of the stannous 
chloride solution add 6 rails of water and 10 mils of hydrochloric 
acid AsT, and distil 16 mils. To the distillate add 50 mHs of hot 
water and a few drops of stannous chloride solution AsT, and with 
this solution carry out the ** General Test ” described above. The 
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stain produced on the mercuric chloride paper should not be deeper 
than the standard stain, showing that the proportion of arsenic 
present does not exceed 1 part per million. 

Bromine Solution AaT. — Evaporate 10 mils of the solution of 
bromine on a water-bath nearly to dryness, add 50 mils of hot 
water, 10 mils of hydrochloric acid AsT, and sufficient solution 
of stannous chloride AsT to, reduce the remaining bromine, and 
with this solution carry out the “General Test” described above. 
The stain produced on the mercuric chloride paper should not bo 
deeper than the standard stain, showing that the proportion of’ 
arsenic presemt does not exceed 1 part pc^r million. 

* Zinc AsT. — Add 10 mils of stannated hydrochloric acid AsT to 
50 mils of hot water, and with this solution and 10 grammes of zinc 
AsT proceed os with the “ General Test ”, but allow the action to 
continue for one hour. No visible stain should be produced on the 
mercuric chloride paper (limit of arsenic in the zinc). 

Preparation of Solution to bk Examined 

The following are the varying methods of ])re paring the solution 
to be examined : . The quantities art so arranged that, when tested 
according to the General Test described above, the stain produced on the 
mercuric chloride should not be deeper than the Starulard Stain, showing 
that the proportion of arsenic present does not exceed the permissible 
limit, (IndicaUid by the ligures in brackets.) 

Acidum Aceticum, — 5 gramnu;s in 50 mils of hot water, adding 
10 mils of stannated hydrochloric acid AsT. (2.) 

Acidum Acetylsalicylicum, — 5 grammes nmdi? into a paste in a 
porcelain dish with 2 grammes of calcium hydroxide AsT and 5 mils 
of water, drying and gently igniting, dissolving the residue in 16 mils 
of brominated Yiydrt)ehloric acid AsT and 45 mils of hot watt*r, and 
finally removing excess of bromine by a few drops of solution of 
stannous chloride AsT. (2.) 

Acidum Benzoicum. — 5 grammes treated as described under 
” Acidum Acetylsab’cylieum ”. (2.) 

Acidum Boricum, — 2 grammes with 4 grammes of eitric a(‘id 
AsT in 50 mils of hot wat«*r, adding 10 mils of stannated hydro- 
chloric acid AsT. (5.) 

Acidum Citricum . — 7 grammes treated as described under 
“ Acidum Aceticum ”, (1*4.) 

Acidum Hydriodicum Diluthm . — 2 grammes with 50 mils of hot 
water, adding 0*6 mil of solution of bromine AsT and 10 mils of 
hydrochloric acid AsT, allowing it to stand for five minutes, and 
removing excess of bromine by a few drops of solution of stannous 
chloride AsT. (5.) 

Acidum Hydrobromicum Dilutum, — 2 grammes treated as de- 
scribed under Acidum Aceticum (5.) 

Acidum Ilydrochloricum, — 2 grammes with 50 mils of hot water 
and 8 mils of stannated hydrochloric acid AsT. (5.) 
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Acidum iMCticum . — 2 famines treated as described under 
“ Acidum Aceticuni (5.) 

Acidum Nitricum. — 2 grammes heated in a porcelain dish with 
2 mils of sulphuric acid A&T until white fumes are evolved, then 
cooling, adding 2 mils of water, again heating until white fumes are 
evolved, again cooling and adding to the residue 50 mils of hot water 
and 10 mils of stannated hydrochloric«acid AsT. (5.) 

Acidum Phosphoricum Concentratum. — 2 grammes treatc'd as 
.de8cril)ed imder “ Acidum Aceticum (5.) 

Acidum Salicylicum. — 5 grammes treated as described under 
“ Acidum Acetylsalicylicum (2.) 

Acidum Sulphuricum. — 2 grammes mixed with 10 mils of waCcr, 
adding 40 mils of hot water and 8 mils of stannated hydrochloric 
acid AsT. (5.) 

Acidum Sulphurnmim. — 2 grammes mixed in the cold with 0*5 
gramme of potassium chlorate AsT and 11 mils of hydrochloric 
acid AsT, warming to exjjcl excess of chlorine, then adding 50 
mils o^ hot water and a few drops of solution of stannous chloride 
AsT. (5.) 

Acidum Tartaricum. — 7 grammes treated as d(*8cribed under 
Acidum Aceti(‘um (1*4.) • 

Alumen Purificatum. — 2 grammes treat<‘d as described under 
“ Acidum Acelicum (5.) 

Armnonii lienzoas.- grammes treated Jis descrilx'd under 
“ Acidum Acetylsalicylictnn (2.) 

Ammmii Bromidum. — 2 grammes in 50 mils of hot water, adding 
12 mils of stannated hydrochloric acid AsT. (5.) 

Ammonii ('arboruis. —5 grammes in 50 mils of hot water, boiled 
gently until the greater part of the ammonium carbonate is volatil- 
ist‘d, then adding 15 mils of brominated hydrochloric acid AsT and 
removing excess of the bromine by a few drops of solution of stannous 
chloride AsT. (2.) 

Ammonii Chloridum. — 2 grammes treated as descril)ed under 
“ Acidum Aceticum ”. (5.) 

Anlimonium Sulphuratnm- 0*01 gramnu* dissolved by boiling 
in a small flask with 0*2 gramme of calcium hydroxide AsT and 5 mils 
of water, then adding 2 mils of solution of bromine AsT and again 
gimtly boiling, then adding 17 mils of hydrochloric acid AsT and 
5 mils of water, and boiling until most of the bromine is volatilised, 
the last traces being removed by adding a slight excess of solution 
of stwmous chloride AsT, connecting to a condenser, and distilling 
20 mils, then washing the condenst^r and flask, returning the distillate 
to the flask, adding 1 drop of solution of stannous chloride AsT, and 
redistilling 16 mils, then ^ding to the distillate 45 mils of hot water 
and a few drops of solution of stannous chloride AsT. (1000.) 

Bismuthi Carbonas. — 5 grammes dissolved in a small flask in 
5 rails of water and 20 mils of brominated hydrochloric &cid AsT, 
removing excess of bromine by a few drops of solution of stannous 
chloride AsT, connecting to a condenser and distilling 18 mils, they 
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adding to the distillate 40 mils of hotVater and 3 drops of solution 
of stannous chloride AsT. (2.) 

Bismuthi Salicylas. — 5 grammes made into a paste in a porcelain 
dish with 1 gramme of calcium hydroxide AsT and 5 mils of water, 
drying and gently igniting, dissolving the residue in 20 mils of 
brominated hydrochloric acid AsT and 10 mils of water, trans- 
ferring to a small Hask, and <adding suihcient solution of stannous 
chloride AsT to remove the excess of bromine, connecting to a con- 
denser, and distilling 20 mils, then adding to the distillate 40 mils, 
of hot water and 3 drops of solution of stannous chloride AsT. (2.) 

Bismuthi Subnitraa. — 6 grammes heated in a porcelain dish 
with 2 mils of sulphuric acid AsT until white fumes are evolved, 
cooling, adding 5 rails of water and again heating until white fumes 
are evolved, dissolving the residue when cold in 20 rails of water 
and 10 mils of stannated hydrochloric acid AsT, transferring to a 
small flask, connecting to a condenser and distilling 20 mils, ^ding 
to the distillate a little solution of bromine AsT to oxidise any 
sulphurous acid, n'moving excess of bromine by a few diops of 
solution of stannous chloride AsT, and adding 40 mils of hot 
water. (2.) 

Borax Purijicatus. — 2 grammes with 4 grammes of citric acid 
AsT in 60 mils of hot water, adding 12 mils of stannated hydrochloric 
acid AsT. (6.) 

Calcii Garhonas Prfscipitatus, — 2 grammes in 14 mils of bromin- 
ated hydrochloric acid AsT and 45 mils of hot water, removing 
excess of bromine by a few drops of solution of stannous chloride 
AsT. 

Calcii Chloridum, — 2 grammes treated as described under 
Acidum Accticum ”. (5.) 

Ccdcii Hydras. — 2 grammes in 16 mils of brominated hydro- 
chloric acid AsT, and 45 mils of hot water, removing excess of 
bromine by a few drops of solution of stannous chloride AsT. (5.) 

Calcii Hypophosphis. — 2 grammes mixed in the cold with 
2 grammes of potassium chlorato and 18 mils of hydrochloric acid 
A^, then warming to expel excess of chlorine, adding 40 mils of 
hot water and a few drops of solution of stannous chloride AsT. (6.) 

Calcii Laclas. — 2 grammes treated as described under “ Ammonii 
Bromidum (6.) 

Calcii Phosphas. — 2 grammes in 50 mils of hot water and 14 mils 
of stannated hydrochloric acid ^T. (5.) 

Calx. — 2 grammes in 18 mils of brominated hydrochloric acid 
AsT and 40 mils of water, removing excess of bromine by a few 
drops of solution of stannous chloride AsT. (5.) 

Creta Praiparata. — 2 grammes treated as described under 
“ Calcii Carbonas Prjecipitatus (6.) 

Cupri Sulphas. — 1 ^amme dissolved in a small flask with 10 
mils of w^ter and 16 mils of hydrochloric acid AsT, adding 6 drops 
of solution of stannous chloride AsT, connecting to a condenser, 
^Ufid distilling 20 mils, adding a little solution of bromine to the 
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distiilatc to oxidise any aulphdrous acid, removing excess of bromine 
by a few drops of solution of stannous chloride AsT, finally adding 
40 mils of hot water. (10.) 

Ferri Carbonas Saccharatus . — 2 grammes made into a paste 
with 1 gramme of calcium hydroxide AsT and 2 mils of water in a 
|K)roclain dish, drying and gently igniting, dissolving the residue 
in 20 mils of brominated hydrochloric acid AsT and 10 mils of water, 
transferring to a small ilask, adding solution of stannous chloride 
^AsT until the yellow colour disappears, then connecting to a con- 
denser and distilling 24 mils, finally adding to the distillate 35 mils 
of hot water and 3 drops of solution of stannous chloride AsT. (5.) 

Ferri et Ammonii Cilraa. — 2 grammes treated as descrioed 
under “ Ferri Carbonas Saccharatus (5.) 

Ferri et Potassii Tartras. — 2 grammes treated as described 
under “ Ferri Carbonas Saccharatus (5.) 

Ferri et Quininas Cilraa . — 2 grammes treated as described 
under “ Ferri Carbonas Saccharatus (5.) 

Feisri Phoaphaa Saccharatua. — 2 grammes treated as described 
under “ Ferri Carbonas Saccharatus (5.) 

Ferri Sulphas. — 5 grammes dissolved in a small flask with 10 
mils of water and 15 mils of hydrochloric acid A»T> adding solution 
of stannous chloride AsT until the yellow colour disappears, con- 
necting to a condenser and distilling 20 mils, adding a little solution 
of bromine AsT to the distillate to oxidise any sulphurous acid, 
removing excess of bromine by a few drops of solution of stannous 
chloride AsT, and finally adding 40 mils of hot water. (2.) 

Ferri Sxdphaa Exaiccatus . — 2 grammes treated as described 
under “ Ferri Sulphas (5.) 

Ferrum. gramme mixed in a small flask with 0*1 gramme 

of potassium chlorate AsT and 7 mils of wat<T, adding 11 mils of 
hydrochloric acid AsT and, when the reaction has ceased and all 
the iron is dissolved, boiling gently to expt*l chlorine, then adding 
solution of stannous chloride AsT until the yellow colour disappears, 
connecting to a condenser and distilling 14 mils, finally adding to 
the distillate 50 mils of hot water and a few drops of solution of 
stannous chloride AsT. (200.) 

Ferrum Redactum. — 0*05 gramme treated os described under 
“ Ferrum (200.) 

Glvcoaum. — 5 grammes treated as described under “ Acidum 
Hydriodicum Dilutum (2.) 

Glycerinum. — ^2*5 grammes tredled as described under “ Acidum 
Aceticum ”. (4.) 

Liquor Ammoniee Fortia. — 20 grammes cvaiwrated on a water- 
bath until reduced to 5 mib, adding 40 mils of water, and 15 mils 
of brominated hydrochloric acid AsT, and removing excess of 
bromine by a few drops of solution of stannous chlorine AsT. (0*5.) 

Liquor Ferri PerMoridi Fortia. — 1 gramme heated in a*poroclain 
dish with 1 mil of sulphuric acid AsT until white fumes are evolved, 
cooling, adding an equal volume of water, and again heating untH 
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white fumes are evolved, dissolving the residue in 10 mils of water 
and 15 mils of hydrochloric acid ^T, transferring to a small flask, 
adding solution of stannous chloride AsT until the yellow colour 
disappears, connecting to a condenser and distillii^ 20 mils, adding 
to the distillate a little solution of bromine AsT to oxidise any 
sulphurous acid, removing excess of bromine by a few drops of 
solution of stannous chloride* AsT, and then adding 40 mils of hot 
water. (10.) » 

Liqjwr Ferri Persulpfiatis. — 2 grammes treated as described, 
under “ Liquor Ferri Perchloridi Fortis (5.) 

Liquor Magnesii Bicarbonatia. — 60 mils with 13 mils of bromin- 
atcd hydrochloric acid AsT, removing excess of bromine by a few 
drops of solution of stannous chloride AsT. (0*2.) 

Lithii Carbonas. — 2 grammes treated as described under Calcii 
Hydras (6.) 

Lithii Cilraa. — 6 grammes in 45 mils of hot water, adding 

15 mils of stannated hydrochloric acid AsT. (2.) 

Magnesia Levis, — 2 grammes with 40 mils of water and flO mils 
of brominated hydrochloric acid AsT, removing excess of bromine 
by a few drops of solution of stannous chloride AsT. (5.) 

Magnesia Ponderosa. — 2 grammes treated as described under 
“ Magnesia Levis ”. (5.) 

Magnesii Carbonas Levis - 2 grammes in 45 mils of hot water 
and 16 mils of brominated hydrochloric acid AsT, removing 
excess of bromine by a few drops of solution of stannous chloride 
AsT. (5.) 

Magnesii Carbonas Ponderosus, — 2 grammes treated as described 
under “ Magnesii Carbonas I^t'vis (6.) 

Magnesii Sulphas. — 2 grammes treated os described under 
“ Acidum Aoeticum ”. (5.) 

Potassii Acetas. — 2 grammes treated as descTibed under 
** Ammonii Bromidum (5.) 

Potassii Bicarbonas. — 2 grammes in 50 mils of hot water, adding 
12 mils of brominaU'd hydrochloric acid AsT, removing excess of 
bromine by a few drops of solution of stannous chloride AsT. (6.) 

Poiassii Bromidum.— 2 grammes treated as described under 
“ Ammonii Bromidum ”. (5.) 

Potassii Carbonas. — 5 grammes in 50 mils of hot water, adding 

16 mils of brominated hydrochloric acid AsT, removing excess of 
bromine by a few drops of solution of stannous chloride AsT. (2.) 

Potassii Chloras. — 2 grammes mixed in the cold with 10 mils 
of water and 20 mils of hydrochloric acid AsT, and, when the 
reaction is complete, warming to expel chlorine, then adding a 
few drops of solution of stannous chloride AsT and 30 mib of hot 
water. (6.) 

Potassii Citras. — 5 grammes treated as described under “ Lithii 
Citras*’/ (2.) 

Potassii lodidum, — 2 grammes treated as described under 
** Ammonii Bromidum (6.) 
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Potami Nitras. — 2 grammes heated in a jKircelain toh with 
2 mils oLsulphuric acid AsT and 5 mils of water until white fumes 
are evolved, cooling, adding 3 mils of water and agaim heating 
until white fumes are evolved, finally cooling and adding to the 
residue 50 mils of hot water and 10 mils of stannated hydrochloric 
acid AsT. (6.) 

Poiassii Sulphas. —2 grammes ftx^atod as described under 
“ Acidum Aceticum (5.) 

• Potassii Tartras. — 5 grammes treated os described under 
“ Calcii Fhosphos (2.) 

Potassii Tartras Acidus.—^ grammes in 50 mils of hot watc*r 
and 13 mils of brominated hydrochloric acid AsT, removing 
excess of bromine by a few drops of solution of stannous chloride 
AsT. (2.) 

Sodii Bemoas. — 5 grammes gently heated in a jwrcelain dish, 
until infiammablo vapours cease to be evolved, dissolving the 
r<‘Hidue (ignoring any carbon) in 14 mils of brominated hydrochloric 
acid As8' and 60 mils of hot water and removing (‘xcess of bromine 
by a few drops of solution of stannous chloride AsT. (2.) 

Sodii Bicarbonas. — 5 grammes treated os described under 

“ Potassii Carbonas (2.) 

Sodii Broniidum. — 2 grammes treated as described under 

“ Ammonii Bromidum (6.) 

Sodii Carbonas. — 5 grammes in 50 mils of hot water, adding 
14 mils of brominated hydrochloric acid AsT and removing excess 
of bromine by a few drops of solution of stannous chloride AsT. (2.) 

Sodii Carbonas Exsiccatus. — 2 grammes treated as described 
under “ Sodii Carbonas (5.) 

Sodii Chloridum. — 5 grammes trcak*d as described under 

“ Acidum Aceticum ”. (2.) 

Sodii et Potassii Tartras. — 5 grammes trcat<‘d as described under 
“ Calcii Phosphas (2.) 

Sodii Hypophosphis. — 2 grammes treated as described under 
“ Calcii Hypophosphis (5.) 

Sodii lodidum. — 2 grammes in 60 mils of hot water, adding 
11 mils of stannated hydrochloric acid AsT. (5.) 

Sodii Niiris. — 2 grammes treated as described under “ Potassii 
Nitras (5.) 

Sodii Phosphas. — 2 grammes treated as described under 

" Acidum Aceticum ”. (6.) , 

Sodii Phosphas Acidus. — 6 grammes trc*at(d as described under 
“ Acidum Aceticum ”. (2.) 

Sodii Salicylas. — 5 grammes treated as described under “ Sodii 
Benzoas ”, (2.) 

Sodii Sulphas. — 5 grammes treated as dc^scribed under Acidum 
Aceticum ”. (2.) 

Sodii Sulphis. — 2 grammes with 0*5 gramme of potassium 
chlorate AsT in 6 mils of warm water, adding 12 mils of hydro- 
chloric acid AsT, then warming to expel excess of chlorine and* 
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adding 45 mils of hot water and a few drops of solution of stannous 
chloride AsT. (5.) 

StrarUii Bromidum.—2 grammes treated as described under 
“ Ammonii Bromidum (6.) 

Sulphur Prcecipitatum.—2 grammes digested for one hour on a 
water-bath with 50 mils of water and 5 mils of Solution of Ammonia, 
filtering and evaporating the' filtrate to low bulk, adding 10 mils of 
nitric acid AsT and boiling to oxidise any sulphur, then adding 
2 mils of sulphuric acid AsT £wid heating until white fumes ara 
evolved, cooling, adding 2 mils of water and again heating until 
white fumes are evolved, finally adding 60 mils of hot water and 
10 mils of stannated hydrochloric acid ^T. (6.) 

Sulphur 8ublimatum.—2 grammes treated as described under 
“ Sulphur PraBcipitatum (5.) 

Zinci Aceiaa . — 2 grammes treated as described under" Ammonii 
Bromidum (5.) 

Zinci Carhonaa . — 1 gramme treated as described under 
" Potassii Carbonas (10.) •• 

Zinci Chloridum . — 2 grammes treated as described under 
“ Acidum Aceticum (5.) 

Zinci Oxidurn.—l gramme treated as described under " Potassii 
Carbonas (10.) 

Zinci Sulphaa . — 2 grammes treated as described under " Acidum 
Aceticum (6.) 

Zinxi Valerianaa . — 2 grammes made into a paste in a porcelain 
dish with 2 grammes of calcium hydroxide AsT and 5 mils of water, 
drying and gently imiting, then dissolving the residue in 18 mils of 
brominated hydrochloric a<nd AsT and 40 mils of hot water and 
removing excess of bromine by a few drops of solution of stannous 
chloride AsT. (6.) 
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( HAPTER XllI 


THE ELEMENTS PRESENT IN ORGANIC COMPOUNDS 

IVIany chemical compounds have been known from very early times 
which are produced in Nature as a result of the vital processes of 
plants or animals. Among the more important of these may be 
mentioned sugars, starches, alkaloids, glucosides, and essential oils 
of plants. 

The division of chemistry into its two main branches appears 
to have w}en first proposed by Nicolas Lemery in his Coura dt 
Chimie (1676), in which substances which are produced by animal 
or vegetable organisms were classed as organic compounds, in contra- 
distinction to mineral or inorganic compounds, such as salt, nitre, 
or oil of vitriol. It was long thought that there was a fundamental 
difference between the two classes ; the early chemists believed 
that organic compounds were produced through the agency of some 
“ vital force ”, and that it would therefore bo impossible to prepare 
any organic compound artificially in the laboratory. This view 
persisted until well into the nineteenth century, but was gradually 
abandoned after the discovery that organic compounds obeyed 
the ordinary laws of chemical combination, and that many 
of them could be built up from their elements, in the laboratory, 
without the aid of any vital force. 

More than a century ago, the French chemist Lavoisier discovered 
that nearly all animal and vegf;table products contain the element 
carl^n, and the term organic, though bereft of its original meaning, 
is still used to distinguish the carbon compounds from the compound 
of other elements. This classification is retained for two reasons. 
First, the known compounds of carbon are far more numerous than 
those of any other element ; second, they have certain character- 
istics in common which are not shared by the compounds of the 
other elements. It should bo clearl;f understood that the present 
distinction between organic and inorganic chemistry is simply one 
of convenience, and that it is not always rigidly adhered to in 
practice. For example, carbon monoxide and carbon dioxide, 
thou^, strictly speaking, organic compounds, are usually dealt 
with in text-bc^ks of inorganic chemistry, on account of their wide 
distribution and general interest. • 

The Composition of Organic Compounds. — Most organic com- 
pounds, including nearly all vegetable products, contain the elements 
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carbon, hydrogen, and oxygen ; m&ny animal and some vegetable 
substances contain in addition nitrogen. Other elements, such as 
sulphur, phosphorus, and the halogens, are sometimes met with in 
organic compounds, and the metallic salts of organic acids may 
contain any metal. 

Detection op the Elements in an Organic Compound 

Carbon can often be detected in a substance by heating it 
strongly on a crucible lid or a piece of platinum foil, when the 
substance may char, giving a black carbonaceous mass which 
slowly bums away on prolonged heating. Many carbon compounds 
char when heated with concentrated sulphuric acid, yielding a dark- 
coloured solution in which black particles can be seen. At the same 
time some of the sulphuric acid is usually reduced to sulphur 
dioxide, and oxides of carbon may be evolved. 

A more certain way of detecting the presence of carbon consists 
in strongly heating the substance, mixed with powdered copper 
oxide, in a hard glass tube. Under these conditions the carbon is 
oxidised to carbon dioxide, which may be detected by passing the 
evolved gases through lime-water. 

Hydrogen may be detected bv the formation of drops of water 
on the cool portions of the tube during the last-mentioned test. 

Nitrogen can be detected in an organic substance in the following 
way. About 0*2 gramme of the substance is placed in a small dry 
test tube or ignition tube, together with a piece of metallic sodium 
no larger than a pea. The tube is heated, very gently at first 
and finally to redness until all action ceases. The heated portion 
of the tube is then plunged into about 10 mils of water contained in 
an evaporating dish. The water is heated to boiling, and filtered 
to remove carbonaceous matter and fragments of glass. To the 
filtrate a few drops of ferrous sulphate and ferric chloride solutions 
are added, and, after boiling, the liquid is acidified with dilute 
hydrochloric acid. The presence of nitrogen is shown by the 
formation of a blue precipitate or a greenish-blue colour. 

In this test the sodium combines with some of the carbon and 
nitrogen present to form sodium cyanide, which, on boiling with 
ferrous hydroxide (formed by the addition of ferrous sulphate to 
the alkaline solution), is converted into sodium ferrocyanide, 
6NaCN +Fe(OH) 2 =Na 4 Fe(CN)e + 2NaOH, and this, on acidification, 
reacts with the ferric salt pre^nt to form “ Prussian blue ”. 

Halogens can often be detected by heating the substance 
in a bunsen flame on a piece of clean copper wire, when, owing 
to the formation of the volatile chloride, bromide, or iodide 
of copper, the flame is coloured green. The colour is not given by 
all organic halogen compounds, and in some cases a gr^n flame may 
be formed when no halogen is present. The following method is 
much more reliable. The substance is heated with sodium wd the 
product extracted with water as described in the test for nitrogen. 
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The aqueous extract is then acidified with nitric acid, and, if nitrogen 
bo present, is boiled until all the hydrocyanic 
acid is expelled. Silver uitrate solution is then 
added, when a precipitate of silver chloride, 
bromide, or iodide proves the presence in the 
original substance of the corresponding halogen. 

Sulphur and phosphorus can be tested for by 
fusing the substance with a mixture of potassium 
carbonate and nitrate, when any sulphur or 
phosphorus is oxidised to potassium sulphate or 
pota^ium phosphate respectively. It is only 
necessary, therefore, to extract the melt with 
water and apply to the solution the usual tests 
for sulphate and phosphate. 

Metals. — It is often necessary to test for 
metals in an organic salt. The salt is heated 
to redness on a crucible lid or a piew^ of 
platinuru foil, when, if any residue remains 
aft(*r all the carbon has burned away, a metal 
is pre.scnt, and this can be identified in the 
resifUic by the ordinary methods of qualitativi^ 
analysis. It should be noted, however, that 
com|K)unds of arsenic or mercury will volatiliw* 
completely during this U^st, leaving no residue. 

Quantitativk Kstiaiation of the Elkment.s 

Estimation of Carbon and Hydrogen. — Th(^ 
carlxm and hydrogen in an organic substanc'i^ 
may Is* quantitatively estimated by burning the 
.substance in a stream of oxygen and leading tlu* 
products of combustion over red-hot copiK*r 
oxide in order to ensure complete oxidation. 

The hydrogen is completely converted into wat<*r, 
which can bt* collected in a tube containing 
anhydrous calcium chloride, whilst the carlK)n 
is eonveiied into carbon dioxide, which can be 
absorix'd in a solution of potassium hydroxide. 

The combustion is effected in a hard gloss 
tube about thirty inches long and three-quarters 
of an inch in diameter, Fig. 3. 3^bout onc- 
half to t\io- thirds of the length of the tube (CB) 
is filled with granulated copper oxide. The tube 
is then placed in a “ combustion furnace ", and 
the part containing the copper oxide is heat^ to 
redness by lighting those burners of the furnace 
directly l^neath it, a slow stream of dry air being a.—Eatima- 

pwaed at the same time through the tube in the tion oif carbon and 
lirection AB. This is done with the object of hydrogen. 


o 


<!i 
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driving off all traces of moisture from the copper oxide. When 
the tube is quite dry, a U-tube containing a^ydi'ous calcium 
chloride, previously carefully weighed, is attached to the end, B, 
of the combustion tube by means of a rubber bung, and a set of 
** potash bulbs containing a strong solution of potassium hydroxide, 
also previously weighed, is attached to the calcium chloride tube by 
a short piece of rubber tubiqg. About 0*2 gramme of the substance 
to be analysed is weighed out in a small porcelain ** boat ”, and 
the boat is pushed into the combustion tube from the end A; 
behind it is introduced a roll of dry oxidised copper gauze, tb 
prevent any backward diffusion of the products of combustion. 
A slow current of dry oxygen is now admitted at the end A, and 
the combustion is started by lighting the remaining burners of 
the furnace, commencing at A. When the whole tube has been 
raised to a red heat, and the substance has completely burned away, 
the oxygen is turned off, and a slow stream of air is passed through 
to sweep all the carbon dioxide into the potash bulbs. The 
furnace is then allowed to cool, and the potash bulbs and calcium 
chloride tube are disconnected and separately weighed. 

The increase in weight of the calcium chloride tube gives the 
weight of water formed, whilst the increase in weight of the 
potash bulbs gives the weight of carbon dioxide produced, and, 
from these results, the percentages of hydrogen and of carbon in the 
substance analysed can be calculated. If the substance contains 
only carbon, hydrogen, and oxygen, the percentage of oxygen can 
be calculated by dinerence. 

Example : 0-2401 gramme of a substance gave 0*7037 gramme of 
carbon dioxide and 0-1209 gramme of water. 

TheratioC;COj:;3:ll. 

The ratio H : HjO :: 1 : 9. 

. . , 0-7037 X 3 X 100 „„ „„ 

Hence percentage of carbon = — q.246 1 x 1 1 — =^^’08. 

^ j 0-1209 x100 

Percentage of hydrogen = =6-40. 

Percentage of oxygen by difference = 100 - 83-44 = 10-i 

Estimation ot Nitrogen. — ^There are three methods in common 
use for the estimation of nitrogen in organic compounds. 

Dumas* Method . — ^The substance is neated with copper oxide in 
an atmosphere of carbon dioxide, when it is completely decomposed 
into carbon dioxide, water, and nitrogen. The nitrogen is colleoted 
over strong potassium hydroxide solution and measured. The 
carbon dioxide is, of course, dissolved by the ^tash. 

The analysis is carried out in a combustion tube, the greater 
part of which is filled with an intimate mixture of cop^r oxide and 
a weighed amount of the substance under examination. At one 
end of the tube is inserted a roll of bright copper gauze, the object 
of which is to decompose any oxides of nitrogen formed during the 
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combttBtioii. A strMm of carbon dioxide is passed through the 
tube from the end farthest from the copper miuze for about half 
an hour, in order to expel all the air, and, during this time, the 
portion of the tube containing the copper rauze is heated to redness, 
^e combustion is then started by gmumly heating the rest of the 
tube to redness, and the evolved nitrogen is collected in a eudiometer 
tube over strong potassium hydroxide solution. When the combus* 
tion is finished, more carbon dioxide is passed, in order to sweep the 
lest traces of nitrogen into the eudiometer. The weight of nitrogen 
can be calculated from the measured volume, and from this weight the 
percentage of nitrogen in the substance can be calculated. It is, 
of course, necessary to correct the volume of nitrogen for temperature 
and pressure, and for the tension of aqueous vapour. 

Example : 0 1037 gramme of a substance gave 13*2 mils of moist 
nitrogen at 10° and 759 m.m. 

Tension of aqueous vapour at 10° is 9*14 m.m. ; 

Volume of nitrogen at N.T.P. ~ i2*67 mils. 


Since 1 mil of nitrogen at N.T.P. weighs 0*001251 gramme, the 
weight of the nitrogen is 


12*57 X *001251 = 01573 gramme ; 
Percentage of nitrogen in the substance 


*01573 
~0 1037' 


xl00 = 1617. 


The Soda-lime or Will and Varrentrap'a Method depends on the 
fact that the nitrogen in most organic compounds is completely 
converted into ammonia by heating the sulmtance with solid 
soda-lime. 

A piece of combustion tubing about 15 inches long is bent at 
one end at an angle and drawn out to a point. Into the tube are 



Fio. 4. — Kstiroation of Nitrogen (Soda lirao Method). 


introduced, first, some coarsely powdered soda-lime, then an intimate 
mixture of soda-lime with a weighed amount of the substance, and 
finally, some more pure soda-lime. The open end of the tube is 
then connected to a set of specially designed absorption bulbs con- 
joining a known volume of standard hydrochloric acid. Tlje tube 
is THiaed to a red heat, starting with the end nearest the absorption 
bulbs. When ammonia ceases to be evolved the tip of the closed 
md of the combustion tube is broken off, and a current of air is 
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drawn through the apparatus in order to sweep into the bulbs the 
small quantity of ammonia remaining in the combustion tube. 

The partially neutralised acid is then transferred from the bulbs 
to a flask, and titrated with standard sodium hydroxide solution. 
In this way the amount of ammonia absorbed is determined, and 
the percentage of nitrogen can be calculated. 

Example : 0*5346 gramme of a substance was employed. 

The, evolved ammonia was collected in 26 mils of N/2 hydrochloric 
acid. To neutralise the excess of acid 14*2 mils of N/2 sodium hydroxide 
was required. 

* Hence the evolved ammonia was equivalent to 26 - 14*2 = 10*8 mils 
of N/2 acid ; 


. Air • « 19-8 X 0*017 ^ 

Weight of ammonia - =0*0918 gramme. 

rr. . . • , X . 0*0918 X 14 

I his 18 equivalent to -- gramme of nitrogen ; 


.*. Percentage of nitrogen in substance 


0*0918 X 14 X 100 
17 X 0*6340 


14*14. 


The KjeMahl Method , — A weighed amount of the substance 
(about 0‘5 gramme is usually employed) is lu'ated with about 
10 mils of conc(‘ntrated sulphuric acid in a round-bottomed flask. 
At first the acid becomes dark in colour, owing to the separation 
of carbonaceous matter, but the heating is continued until the liquid 
is almost colourless. In this way the nitrogen in the substance is 
converted into ammonium sulphate. The liquid is diluted, mixed 
with strong sodium hydroxide solution, and the liberated ammonia 
is distilled into a measured volume of standard acid, the excess of 
acid being then estimated by titration with standard alkali. The 
calculation is exactly similar to that of the soda-lime method. 

The Kjeldahl method is very convenient, and can be quickly 
and accuraUdy carriinl out. It is widely employed for the analysis 
of commercial nitrogenous products. The disadvantage of both the 
Kjeldahl and the soda-lime methods is that they are not universally 
applicable. Many organic nitrogenous compounds are known which 
do not yield ammonia when heated with soda-lime, and which are 
not decomposed by sulphuric acid with formation of ammonium 
sulphate. In such cases the paethod of Dumas must be employed. 

Estimation of Halogens.— Halogens can be estimated quanti- 
tatively in organic substances by the method of Carius. A weighed 
amoimt of the substance is introduced into a tube of stout glass 
about 16 inches long and three-quarters of an inch in diameter, 
sealed at one end. About 10 mils of fuming nitric acid and a little 
solid qjlver nitrate are added, and the open end of the tube is then 
sealed off. The sealed tube is heated in a furnace at 160-200® for 
an hour or two, during which time the halogen in the organic 
substance is completely converted into silver chloride, bromiem, or 
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iodide, as the case may be. When cold, the tube is broken, using 
special precautions owing to the pressure of the gases in the tube, 
the contents are poured into water, and the insoluble silver halide 
is filtered off and weighed. 

Example: 0-1834 gramme of a substance gave 0-1026 gramme of 
silver clUoride. Since 143-5 grammes of silver chloride contain 36-6 
grammes of chlorine, the percentage of chlorine in the substance will be 

0-1026 X 36-5 X 100 
0-1834 X 143-5 

Sulphur and phosphorus can be estiinat^'d by a method basefl 
on the way already given for their qualitative detection (p. 191). 



CHAPTER XIV 


EMPIRICAL, MOLECULAR, AND CONSTITUTIONAL FORMULA 


The empirical formula of a compound is the simplest possible 
formula as calculated from a quantitative analysis, and shows only 
the relative numbers of the various atoms composing the compouna. 
The empirical formula can bo calculated from the results of a quanti- 
tative analysis by dividing the percentage of each clera^mt by its 
atomic weight, and expressing the ratio in the simplest possible 
whole numbers. An example will make this clear. 


Example : The percentage composition of a compound, as determined 
by a combustion, is as follows : 

C =39-86, 

H= 6-68| 

O =63-46 (by difference). 


Calculate its empirical formula. 

Since an atom of carbon is twelve times as heavy, and an atom of 
. oxygen sixteen times as heavy, as an atom of hydrogen, we must, 
in order to obtain the ratio of the numbers of the different atoms, 
divide the percentage of carbon by 12, and the percentage of oxygen 
by 16. Thus 


H = 


6-68 


= 6 - 68 , 


0=-jjp=3-34. 


Expressing these i-osults in the smallest possible whole numbers 
(and allowing for experimental error) we find that the ratio of C : H ; O 
is as 1 : 2 : 1, so that the empirical formula of the compound is CHgO. 


The molecular formula of a compound shows, not only the ratio 
of the atoms, but also the actiud numbers of the various atoms in 
each molecule, and must be either identical with, or some multiple 
of, the empirical formula. To make this clear, the empirical and 
molecular formulse of a few well-known compounds are given 
below: 



EMPIRICAL AND MOLECULAR FORMULiE 197 


Cumponnd. 

Eniptrical formula. 

Molecular fonnuU. 

Water .... 

Hytlrogon chloride . 
Hydrogen peroxide . 

Acetic aciil 

Glucose .... 

H.O 

HCl 

HO 

CH.O 

chJo 

h,o 

HCl 

11.0, 

0,11,0. 

O.H,.0, 


If the empirical formula of a compound is known as a result 
of an accurate quantitative analysis, and if by some means tha 
molecular weight of the comtK)und can be dett^rmined, then the 
molecular formula can bo easily calculated. 

Example : The molecular weight of a compound is 90. Its empirical 
formula is known to%o CH,0. If this were also its molecular formula, 
its molecular weight would be (12+2+1 6)=:: 30; but this is one-third 
of the actual molecular weight, so that the molecular formula of the 
compound must be C,!LO,. 

It will therefore be seen that methods for the determination of 
the molecular weights of compounds are of the greart^st importance. 
Three such methods will now be briefly described. 

Victor Meyer's Vapour Density Method ,, — From Avogadro’s 
theory we know that the density of any gas or vapour (corrected 
to N.T.P.) is equal to half its molecular weight. So that, if 
wo can determine the vaixjur density of a comjKJund, it is only 
necessary to multiply by two in order to obtain its molecular 
weight. In the case of a gas, the density can be determined by 
direct weighing. Victor Meyer’s method is a way of determining 
the vapour density of volatile liquids. The apparatus (Fig. 6) con- 
sists of a bulb tube (A) about 24 inches long, which is closed at the 
top by means of a stopper, and is provided with a side tube dipping 
under water contained in a trough. The outer jacket (B) contains 
some high boiling-point liquid, such as amyl alcohol, and by 
boiling this brislJy the tube (A) is raised to a constant high 
temmrature. When the temperature becomes steady, as indicated 
by the fact that bubbles of air cease to Ix^ expelled through the 
water, a graduated tube (C), filled with water, is inverted over the 
end of the side tube as shown. The stopper is now withdrawn, 
and a weighed amount of the liquj^, contained in a small glass 
bottle, is'^^ped into the tube (A), the stopper being quickly 
replaced.^ Tne liquid immediately vaporises, and the vapour 
drives out a corresponding volume of air into the tube (C). 
From this volume of air the vapour density of the liquid is 
calculated. 

* Before commenoing the experiment a piece of cotton -wool is plkced at 
the bottom of the tube (A) in order to prevent fracture when the bottle is 
dropped in. 
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Since the volume of the expelled air is measured in C at 
atmospheric temperature, this volume is equal to the volume which 
the vapour of the liquid employed would occupy at atmospheric 
temperature and pressure. It is not necessary, therefore, to know 
the temperature of the tube (A), but it is very important that this 
temperature should bo steady and sufficiently high to cause rapid 



vaporisation of the liquid, (iis a rule, it is necessary to have the 
temperature of A at least 20'^ higher than the boiling-point of the 
liquid whose vapour density is being determined.) 

Example : 0 0837 gramme of a liquid gave 28*7 mils of air, measured 
at 12® and 762 m.m. pressure. The tension of aqueous vapour at 12® 
is 10*4 m.m. 

28*7 X 273 X 742 

Volume of air corrected to N.T.P. = — 285 x 760 — 
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Now 26-8 inilii of hydrogen ai N.T.P. would weigh 


1$9 


a;09 x26- 8 

1600 

Vapour density of liquid 


=0*00241 gramme ; 


Weigh t of vapour 


00837 


Weight of equal volume of hydrogen 0 00241 
Molecular weight of liquid = 34*7 x 2 = 69*4. 


= 34*7; 


‘ Vapour densiticH determined by Victor Meyer’s method are not, 
as a rule, very accurate*. This is usually of no importance, as the 
experimentally determined molecular weight is only used to decide 
what multiple of the empirical formula shall represent the molecular 
formula. 

RaoulVs or The Cryoscopic Method . — This method for determining 
molecultit weights does not depend on vaiH)ur density measurements, 
and is, consequently, applicable to non-volatile solids. The freezing- 
point of a solution is always lower than that of the pure solvent, 
and it has been found that, for fairly dilute solutions, the amount 
of de[)re88ion of the freezing- jK)int is, in general, independent of the 
nature of the dissolved substance, but is directly j)roportional to the 
number of molecules of the substance in a definite quantity of 
a particular solvent. From this it follows that, if we take equal 
weights (say 1 gramme) of various Hubstanc(‘s and dissolve them in 
equal quantities of a particular liquid, tluui the depression of the 
freezing-point in each case will l)e inversely proj)ortional to the 
molecular weight of the dissolved substance. This is the principle 
of the cryoscopic method for the determination of molecular weights. 
The actual relationship between the depression of the freezing- 
point and the molecular weight of a dissolved substance is given 
by the equation 


M 


KxC 

D ’ 


where M=the required molecular weight, C = concentration of 
dissolved substance in grammes per 100 grammes of solvent, D = 
observed depression of the freezing-point, and K is a constant which 
depends on the nature of the solvcnf employed. For any particular 
solvent, K can be determined by observing the depression in the 
case of some dissolved substance of known molecular weight. Any 
liquid for which the constant K has been found can Ixj used to 
determine molecular weights. The calculation is simple. 

Example : 0*2478 gramme of a substance dissolved in 12*99 grammes 
of benzene lowered the freezing-point by 0*640®. K for benzene is 60. 
Find the molecular weight of the substuice. 
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The concentration of the substance^is 


0 2478 X 100 


of benzene. 
Then 


12-99 


= 1-907 grammes per 100 grammes 


M = 


KxC 50 x1 907 


D 


0-64 


= 176-6. 


The method only gives accurate results when dilute solutions 
are employed, and consequently the depressions obtained in practice 
are Very small, as can be seen in the a^ve example. The freezing- 
point of both the pure solvent and the solution are determined in a 
special apparatus by the aid of a Beckmann thermometer, which 
can be read to of a degree. The apparatus consists of a 
boiling-tube containing the liquid or solution, with the bulb of 
the thermometer immersed in it. Cooling down to the freezing- 
point is effected by means of a freezing mixture contained in an 
outer vessel. It should be noted that it is unnecessary to know the 
actual freezing-point of solvent or solution so long as the (difference 
is accurately measured. 

The EbuUioscopic Method . — Corresponding to the depression of 
the freezing-point, dissolved substances cause an elevation of the 
boiling-point of a liquid. From the extent of this elevation the 
molecular weight of the dissolved substance can be calculated by 
means of a formula similar to that already given for the lowering 
of the freezing-point. The boiling-point or cbullioscopic method 
presents many experimental difficulties, and does not, as a rule, 
give such accurate results as does the cryoscopic method. 


Constitutional Formulae. — The study of organic chemistry is 
much simpliffed by the use of what are known as “ structural ” or 
** constitutional formulas, which show, not only the number and 
kind of the various atoms, but also their arrangement within the 
molecule. 

For the purpose of writing structural formulae, the valency of 
an element is represented by attaching the necessary number of 
lines to the symbol representing an atom of the element. For 
example, hydrogen and chlorine l^ing univalent are represented by 

H— and Cl—, 

oxygen and sulphur being bivalent by 

— 0 — or 0= *and — S — or S = , 
and carbon being quadrivalent by 



In a oo^titutional formula the atoms composing the molecule are 
represented as being linked together by these lines or ** valency 
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bonds Thus the formulae for water, carbon dioxide, and ammonia 
may bo represented 


H—O— H. 0-C=0, 


and H — N( respectively. 


Such formulae are designed to give some idea of the way in which 
the molecules are built up. Thus in carbon dioxide the two oxygen 
atoms are supjKised to Ik* joined ea(*h to the carbon atom, and not 
directly to each other. The valency of each atom in the molecule 
must be correctly shown by the numlK*r of bonds attached to th^t 
atom ; the length and direction of the bonds is (juite immaterial. 

In the examples given so far, the structural formulae have been 
writUm from considerations of valency alone. In the case of more 
complex molecules this cannot generally Ix^ done. The compound 
chloral, f(ir example, has the molecular formula CjHCljO. Now, 
assuming that all the atoms exert their normal valencies, a number 
of possible formulie suggest themselves ff>r this compound, such as : 


(1 

I 

r\ (’ 

I 

('I 


rU 

(\ , 
H 


( 1 ) 


C\ 

I . 




V\ 


( 2 ) 


V\ yH 

m;i 

v\ 

(*i) 


In order to decide which of these formula? correctly represents the 
arrangement of the aU^ms within a molecule of chloral, we must 
take into consideration the chemical projKjrties and methods of 
formation of the compound. If chloral is warmed with sodium 

(;i 

hydroxide, it is decomposed into chloroform. Cl — C — II, and sodium 

(’1 

formate, NaCOjH. The formation of chloroform in this way sug- 
gests that the three chlorine atoms in chloral are all attached to 
the same carbon atom, or, in other words, that the structure of the 
chloral molecule is correctly represented by formula (1). This U 
supported by a number of other experimental facta. For example, 
chloral is closely related in chemical properties to a compound called 
acetaldehyde, and can, in fact, be obtained from acetaldehyde by 
the action of chlorine. Since acetaldehyde is known, for other 
reasons, to have the structural formula 

H 
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y • 

this relationship can be taken as strong evidence for the accepted 
structural formula of chloral. 

The method of writing structural formulae by drawing lines 
from the symbol for each element is somewhat cumbersome. The 
formulae can bo shortened by employing dots instead of lines. In 
this way the formulae of water and carbon dioxide can be written 

H.O.H and 0 :C :0 respectively. 

Formulae may be still further condensed by omitting the valency 
bonds which join multivalent atoms such as C to univalent atoms 
sflch as H. Thus the constitutional formula for ethyl alcohol 
which is 

H H 

H— A— A— 0 — H 

A A 

may be condensed to CH3.CH2.OH. In writing such formulae, 
which are really a kind of chemical shorthand, it is assumed that 
the univalent atoms arc directly attached to the multivalent 
atom against which they are placed without the intervention of 
a dot. This will be readily understood by a comparison of the two 
formulae given for ethyl alcohol. The process of condensation is 
sometimes canied to the extent of only separating one particularly 
active or characteristic group of atoms from the rest of the molecule. 
Thus, ethyl alcohol is sometimes written simply C2H5 . OH. 

Fully expanded stnictural formulae, in which all the valency 
bonds are inserted, are sometimes distinguished from the more 
condensed forms by the name “ graphic ” formulae, but the dis- 
tinction is of little importance ; for so long as a stnictural formula 
expresses what is known of the arrangement of the atoms in a 
molecule, it does all that is required ; and whether *it is or is not 
written in graphic form is a matter of convenience, and often 
depends on the exigencies of space. 

Structural formula) will be found a great help in correlating and 
committing to memory the enormous number of facts which form 
the foundation of organic chemistry. It will be found that the 
subject resolves itself largely into the study of various groups of 
atoms or radicles and the changes which these radicles undergo. 
From his knowledge of inorganic compounds the student will be 
already familiar with this idea of radicles ; thus groups of atoms 
such as NH4 - , - NO3, and - SO4 confer on molecules containing 
them propeities which are more or less independent of the nature 
of the rest of the molecule. In organic chemistry a number of 
characteristic groups of atoms, containing the element carbon and 
others, will be met with. 

laomerism, — ^It frequently hapwns that two or more different 
compounds are known, all of which have the same molecular 
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formula, even though in physical and chemical properties they may 
show no resemblance to one another. For example, the compouncb 
ethyl alcohol and dimethyl ether both have the molecular formula 
C|H^O. Such compounds are called isomers or isomerides, and the 
phenomenon itself is known as isomerism. Since the molecules of 
two Isomeric compounds are built up from the same atoms, both in 
kind and in number, it is obvious that*the differences in properties 
must be due to different arrangements of the atoms within the 
molecules. For , example, ethyl alcohol and dimethyl ether are 
represented respectively by the formulae 


H- 


H H 

-i— C— O— H 


H H 


H H 

and H— i,*— O— H. 


These formulae have been selected, as prevdously ]X)inted out, as a 
r(‘8ult of a study of the properties and methods of formation of the 
two compounds, aided by the limitations imposed by considerations 
of valency. This will bo better understood when the two compounds 
have been studied in some detail. It need only be numtioned hero 
that these structural formulae express in a eoncise manner the 
chemical properties of the two compounds. Thus ethyl alcohol is 
a very reactive compound, whereas dimethyl othe r is comparatively 
inert, the difference being largely duo to the presence in the ethyl 
alcohol molecule of the very reactive — OH groui^. 



CHAPTER XV 

HYDROCARBONS OF THE PARAFFIN SERIES 

Methane, CH 4 

A LARGE number of compounds exist which are composed of carbon 
and hydrogen only, and are known collectively as hydrocarbons. 
Methane is the simplest member of this class of compounds, and is 
commonly called Marsh Oas^ a name which originated froAi the fact 
that it is a constituent of the gases arising from marshes and stagnant 
pools. Methanq is formed when coal or wood is strongly heated 
out of contact with air, a process known as destructive distillation. 
Ordinary coal gas, which is made from coal in this way, contains 
about 40 per cent of methane, and the explosive “ fire damp” 
sometimes met with in coal mines consists largely of methane. 

Preparation. — (1) It can be made from its elements by heating 
carbon at about 1200° in an atmosphere of hydrogen : 

C + 2H2-CH4. 

This method is only of theoretical interest. 

(2) In the laboratory it is generally prepared by heating a 
mixture of anhydrous sodium acetate and excess of soda-lime : 

CHs . COONa + NaOH = CH4 + NaaCOj. 

Sodiiim 

acotato. 

The mixture is strongly heated in a flask made of hard glass, or 
better, of copper, the gas being collected over water. If very pure 
methane is required, barium oxide should be substituted for the 
soda-lime. 

(3) Pure methane can be ♦prepared by reducing methyl iodide ^ 
by means of nascent hydrogen : 

CH8l+2H-CH4-hHI. 

The reducing agent usually employed is zinc-copper couple in the 
presence of 96 per cent alcohol. Zinc-copper couple is simply 
metallio zinc coated with a thin deposit of copper, and it is 

^ The groups of atoms CH, - , - » anil - are called methyl, 

ethyl, and propyl respectively (p. 215). 

« 204 
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capable of decomposing wat^r or moist alcohol with evolution of 
hydrogen. 

Properties . — Methane is a colourless, odourless gas, insoluble in 
water, and much lighter than air (density 8*0). It docs not liquefy 
until cooled to -160®. It bums in air with a pale blue flame, 
carbon dioxide and water being produced : 

CH4 + 202 = 00, 4 2HjO. 

^ mixture of methane and air explodes violently when a light is 
applied to it. 

In most of its chemical properties methane is exceedingly stable 
and non-reactive. It is unacted on by concentrated acids or 
alkalies, and is not affected by passing through solutions of such 
powerful oxidising agents as aeidiiied jK)tassium permanganate or 
dichromate. When a mixture of methane and chlorine is exposed 
to diffused sunlight a slow reaction takes place ; the atoms of chlorine 
gradually displace the hydrogen atoms in the methane molecule, 
and a mixture of four comixumds is formed, the proportion of each 
de|K*nding on the duration of the experiment and on the relative 
proportions of the reacting substances present : 

CH^-fClj^CHaCl + HCl, * 

Methyl 

chloride. 

OllaCl+Clj^CHjCla + HCl, 

Mothylono 

dk'hloride. 

CHjCl, + CI2 = CHCI3 HCl, 

Chloro- 

form. 

CHCl3+Cl2 = CC’l4 f HCl. 

Carbon 

totra- 

chloride. 

Reactions like this, in which an atom of one element displaces an 
atom of another clement from a molecule, are called reactions of 
substitution, and the product is known as a substitution product. It 
should be noticed that, since carbon is quadrivalent and hydrogen 
univalent, it is impossible for a methane molecule to add on directly 
one or more atoms. Such a com^und as CH4CI, for example, is 
not known. Compounds like methane, which can only form 
derivatives by a process of substitution, are said to be saturated. 

Homologous Series. — Methane is the first member of a series of 
hydn^arbons called the paraffins, which are all very similar in 
chemical properties.^ Each member can be considered as being 

’ The woM '* paraffin ’* Lb derived from the Latin parutn affinis, and ahotild 
serve to remind the student of the g^at stability and inertness of the hydro- 
carbons of this series. 
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derived from the next lower member by the substitution of the 
group CHg - for one of the hydrogen atoms. It follows, therefore, 
that the molecular formulae of successive members of the series 
differ by CH,, so that the second member will have the formula 
CgH^, and the third CsHg. Such a series of compounds is called 
a homologous series. Many other homologous series wiU be 
described later. « 

The paraffin hydrocarbons show a gradual transition in physical 
properties from methane upwards. Thus the first four members 
are gases, then come a number of liqmds of gradually rising boiling- 
point, whilst the hydrocarbon C|gH 34 and those above it are waxy 
scJiids. It is a fairly general rule that, in the case of any homologous 
series, the melting- and boiling-points of the individual compounds 
rise gradually, though perhaps irregularly, as the series is ascended. 

Ethane, CjHg 

Ethane is the paraffin hydrocarbon next above methane. Its 
constitutional formula is 

, H H 

H— i— H or CH3.CH3. 


Preparation . — It can bo prepared by methods similar to those 
employed in the case of methane. 

(1) The sodium salt of propionic acid (the next higher member 
of the series to which acetic acid belongs) yields ethane on strongly 
heating with soda-lime, just as sodium acetate yields methane : 

CjHb . COONa + NaOH = CgHg + NajjCOg. 

Sodium 

propionate. 

(2) Ethane can also bo prepared by reducing ethyl iodide with 
zinc-copper couple and moist alcohol : 

C,H,I+2fi=C,H, + HI. 

(3) A third method, which is different from any of those described 
for methane, consists in treating a methyl halide with metallic sodium. 
The sodium removes the halogen from two molecules of the methyl 
halide, and the residual OH, - groups unite to form a molecule of 
ethane : 

CHja +2Na=CH8.CH3-»-2Naa. 

This is an example of an im^rtant general reaction — ^the Whrtz 
reaction — ^which* can be employed for the preparation of most 
pikiHLflRna containing an oven number of carbon atoms. 
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Properties , — Ethane is a colourless gas» which closely resembles 
methane in physical properties, but can be liquefied much more 
ei^ily. 

Lake methane, it is an exceedingly stable compound, and is not 
acted upon by acids, alkalies, or oxidising agents. In diffused 
light it slowly reacts with chlorine yielding substitution products, 
the hydro^n atoms being displat'cd,* one by one, by atoms of 
chlorine. The final product is hexachlorethane, or carbon hexa- 
chloride, 0 , 01 ^. 


Higher Members of the Paraffin Series 

Propane, CjHg, is the paraffin next above ethane. It is a gas 
which closely resembles methane and cj thane, and can be prepared 
by similar methods. Its constitutional formula is : 

H H H 

H— (J-C'-O-H or 

I I I 

H H H 

It will be seen on inspection that this formula, like the formula) 
previously ^iven for methane and ethane, is the only possible one 
which satishes the valency requirements of the various atoms. 

The Butanes. — When we come to the next imunber of the series, 
CgHjo, we find that two compounds of this molecular formula might 
be theoretically derived from propane, according as to whether a 
hydrogen atom attached to one of the end (‘arbon atoms, or one 
attached to the central carbon atom, is diK]>laccd by a CHj - group. 
The two stnictural formuLe thus obtained are, re 8 i)ectively • 

CH3.CHj.CHj.CH3 and CH3.CH.CH3 

I 

CH 3 

(I.) (11.) 

As a matter of fact, two compounds of the molecular formula 
CgHjQ are actually known. One of them is prepared by the action 
of sodium on ethyl iodide, and must therefore be represented by 
Formula I. : 

2 CH 3 . CHjI + 2Na = CH3 . CH j . CH, . CH3 + 2NaI. 

Since this compound contains in its molecule a single straight chain 
of carbon atoms, it is called norvMl butane. The isomeric compound 
represented by Formula II. is called iso-buiane. 

The Pentanes. — There are three isomeric pentanea of the 
molecular formula CgHu. Their derivation from the butanes may 
be represented MikollOws : 
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CH3.CH2.CHj.CH3 ^ 
Normal butane. 


CHj.CH.CH, < 

in, 

IsO'butane. 


CII3 . CHj . CHj . CHj . CH3 

Normal pentane. 


'^Cll3.CH2.CH.CH3 

Ah, 

Iso-pentane. 

CH, 

in. 

Totramothyl methane. 


Normal pentane and iso -pentane occur in petroleum spirit (below). 

A 

Hi^er up the series, the numbers of possible isomers become 
increasingly groat. With the exception of methane, ethane, pro- 
pane, and the butanes, the names of the paraffins have Greek 
prefixes showing the number of carbon atoms in the molecule. 
Thus the next members above the pentanes are : 

The hexanes, C.Hu (five isomers). 

The heptanes, O7H13 (nine isomers). 

The octanes, CgHjg (eighteen isomers). 


Petroleum 

In many parts of the world, more particularly in Baku on the 
Caspian Sea, in Pennsylvania, and in Mt'xico, large quantities of 
petroleum oil occur in l)eds beneath the surface of the earth, from 
which the oil can be pumped. Crude petroleum is a thick brownish 
liquid, and is largely used as a fuel. American petroleum consists 
almost entirely of a mixture ()f higher members of the paraffin series 
of hydrocarbons, but the oil from Baku consists chiefly of hydro- 
carbons of a different class. 

By fractionally distilling crude j^troleum, the oil can be split 
up into several fractions differing widely in boiling-point, some of 
wnich are of considerable importance in pharmacy. It must bo 
remembered that these produols are mixtures and not pure com- 
pounds, and that different samples may differ appreciably in 
oom^ition. 

Petroleum Spirit is the fraction of lowest boiling-point obtained 
from crude petroleum, and distils between about 40° and 60°. It 
is used as a solvent in certain phormacopoDial tests. 

Paramnurn Uquidum, Liquid Paraffin, is a mixture of hydro- 
carbons, chiefly of the paraffin series. It is miscible with chloroform, 
ether, and fixed and volatile oils. It dis^lvei^ bromine, iodine. 
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iodoform, and phosphorus. Its specific gravity lies between 0*860 
and .0*890. The viscosity of different samples varies considerably : 
some idea of the relative viscosities of different samples may be 
obtained by filling a 25-mil pipette and observing the times taken 
to run out,' at a given temperature (Squire). 

Parafflnum Molle, Soft Paraffin ^ is a translucent mixture of 
semi-solid hydrocarbons. It is insoluble in water, sparingly soluble 
in absolute alcohol, and easily soluble in ether, chloroform, and 
benzene. It melts at 42°-46°, and its specific gravity is about 
r)*820-0*850 at 60°. 

Vaseline is the trade name for a soft paraffin prepared by the 
Chescbrough Manufacturing Company, and which apparenfly 
consists of a definite mixture of hydrocarbons. Vaseline is not 
subject to the variations in composition from which ordinary soft 
paraffin suffers, and is therefore a mori^ reliable preparation to 
use wben making “ stainless ” ointments of iodine, since the pro- 
portions of iodine which combine with tlu* “ unsaturated ” hydro- 
carbonft present may be relied upon to be a constant quantity. 

Parafflnum Durum, Hard Paraffin, is obtained from the j)roducts 
of the destructive distillation of bituminous shale or cannel coal. 
It is a colourless, wax-like solid, greasy to the touch, and consists 
of a mixture of solid hydrocarbons of the paraffin series. Its m.p. 
is about 50°-60° and its specific gravity about 0*90. It is insoluble 
in water, sparingly soluble in alcohol, and soluble 1-80 in ether. 

Other products of commercial imjx)rtance obtain(‘d from crude 
petroleum include petrol, kerosene, or burning oil, and various 
qualities of lubricating oils. 



CHAPTER XVI 

THE UNSATURATBD HYDROCARBONS 

Ethylene, C2H4 

Preparation. — (1) The gas ethylene is generally prepared by heating 
ordinary alcohol (ethyl alcohol) with a large excess of concentrated 
sulphuric acid. The final result is that each molecule of alcohol 
loses a molecule of water with formation of ethylene : • 


C2H5.0H=C2H4+H20. 

Ethyl 

alcohol. 

In reality the reaction takes place in two stages. Alcohol and con- 
centrated sulphuric acid react to form a compound called ethyl 
hydrogen sulphate : 

CjHj . OH + H2SO4 = C2H5 . HSO4 + H2O. 

This compound, on heating, decomposes into ethylene and sulphuric 
acid : 

CjHj . HSO4 = C,H4 -I- H2SO4. 

A mixture of alcohol (40 mils) and concentrated sulphiuric acid 
(160 mils) is heated at about 165'' in a litre flask, the temperature 
being read by means of a thermometer immersed in the liquid. 
The gas is washed free from sulphur dioxide and other impurities 
by bubbling through a solution of sodium hydroxide, and is then 
collected over water. When the evolution of gas ceases, a further 
supply can be obtained by adding a further quantity of a mixture 
of cdcohol and sulphuric acid tl^ough a thistle funnel, which also 
serves as a safety tube to prevent any possibility of the sodium 
hydroxide sucking back into the hot acid. 

(2) Ethylene may also be prepared by boiling ethyl chloride, 
bromide, or iodide with a solution of potassium Iwdroxide in alcohol 
(commonly known as “ alcoholic potash *’). Under these conditions 
the removes a molecule of hydrogen chloride from the ethyl 
halide, liberating ethylene : 

Cja^Br -hKOH «CtH4 +KBr -FH.O. 

210 
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Properties. — Ethylene is a colourless gas, of density 14, and has 
a faint, sweetish odour. It is very sparingly soluble in water, and 
nan be liquefied at ordinary temperatures by the application of 
great pressure. 

In chemical properties ethylene differs entirely from methane 
or the other paraffin hydrocarbons. It bums in air with a yellow' 
luminous flame. It is an exocedingly*reactive gas, and is capable 
of combining directly with certain other substances. Thus, when 
a mixture o? ethylene and hydi'ogen is passed over finely divided 
jilatinum, ethane is formed : 

4 Hj-OaH,. 

When ethylene is bubbled into cold concentrated sulphuric acid 
it is slowly absorbed, ethyl hydrogen sulphate being produced : ^ 

CjHa + H2SO4 C2U5 . HSO4. 


Ethylene combines directly with the halogens. Thus if the gas is 
bubbled into liquid bromine, the colour of the bromine rapidly 
disappears, and ethylene dibromide, a colourless, oily liquid with a 
pleasant odour, is formed : 

Similar compounds arc formed with chlorine and with iodine. 
Ethylene also combines directly with hydrohromic and hydriodic 
acids, ^ forming ethyl bromide and ethyl iodide respectively : 

CaH4 + HI-C2HJ. 

Ethylene is very readily attacked by oxidising agents. If the 
gas is bubbled through a neutral, acid, or alkaline solution of 
potassium permanganate the permanganate is immediately reduced . 

Compounds which, like etnylene, arc capable of forming deriva- 
tives by direct addition, are said to be unsalurcUed, as distinguished 
from saturated compounds like the paraffins, which can only form 
derivatives by a process of substitution. 

Constitution . — ^The molecular formula of ethylene is known as 
a result of analyses and density determinations. Assuming that 
carbon and hydrogen have their usual valencies, only one con- 
stitutional formula is possible, naniely : 

Hv • /H 

)C=C( or CH,:CH,. 

H/ \h 

In order to fulfil the valency conditions, the carlxm atoms are 
represented as being joined together by two valency linkages, or a 

^ It is sn interesting fact that ethylene docs not combine directly with 
hydrochloric acid. 
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“ double bond ” as it is usually called. When ethylene combines 
directly with other substances, it is supposed that the double bond 
is “ broken ”, so that each carbon atom can combine with one 


univalent atom or group. 

For example : 


;C Br 

H/ 1 

>C— — Br 

ft/ 

;C— Br 

+ — > 


# 

H\ 1 

;C Br 

. IV 

)C— — Br 

ft/ 

H\ 

;C— Br. 


This view of the constitution of ethylene is borne out by the fact 
that in additive reactions a molecule of ethylene always combines 
with two univalent atoms or groups. It is impossible, for instance, 
to prepare such a compound as CHg.CHaBr by the combination of 
ethylene with bromine. 

All unsaturated organic compounds contain one or mort. double 
(or treble) bonds. Such compounds can generally be reduced by 
nascent hydrogen, and can combine directly with halogens and 
halogen acids with formation of saturated compounds ; they can, 
invariably, be easily oxidised. Unsaturated compounds may, as a 
rule, be recognised by the following tests : 

(i.) They immediately reduce a cold alkaline solution of 
ix)tassium permanganate, hydrated manganese dioxide 
being precipitated. 

(ii.) They combine directly with liquid bromine. 

(iii.) They rajudly decolorise bromine water, which acts as an 
oxidising agent : 

Bra + HaO-2HBr + 6. 

A double bond in a molecule has no mechanical significance. 
It must not be thought that carbon atoms joined by a double bond 
are more firmly held together than those joined by a single bond : 
indeed, the reverse is the case, since oxidation of an unsaturated 
compound results in the molecule being split up or disrupted at the 
double bond. 

These remarks apply only to compounds having double bonds 
between one carbon atom and^ another. Compounds in which a 
carbon and a nitrogen atom, a carbon and an oxygen atom, or two 
nitrogen atoms € 0*0 joined by a double bond do not, as a rule, show 
the Mhaviour of ordinary unsaturated compounds. 

The Olefines. — Ethylene is the first member of a series of hydro- 
carbons called the olefines, each of which contains two atoms of 
hydrogen less than the corresponding paraffin. The other olefines 
are idl very similar in chemica^roperties to ethylene, and can be 
prepared by similar methods. The next higher member is propylene, 
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CHj.CH : CH|. It is a colburless gas which combines direct^ 
with the halogens and reduces alkaline permanganate in the cold. 
It can be prepared by heating propyl alcohol, C3H7.OH, with con- 
centrated sulphuric a(*id, or by filing propyl bromide with alcoholic 
potash : 

CsH^.OH-CjH^ + HjO, 

CaH^Br + KOH = C 3 H KBr + HjO. 


There are three isomeric biUyknes, namely : 

CHa.CHj.CHiCHa. 

Normal butylene or ethyl ethylene. 

CHg.CHtCH.CHa. 

/^-butylene or 8 ymmctri<-al diinethyl ethylene. 
iHo-butyleno or unsyminetrioal dimethyl efhylene. 


In the case of each of these compounds the second name given is 
pr(‘f(*rablc to the first, since it ex])resses more clearly the constitu- 
tion of the com[K)und and its relationslii[) to etlu’lene. 

It should be noted that no olefine of the formula (’Hj, corre- 
sponding to methane, is known. Such a compound would contain, 
not a double bond, but a bivalent carbon atom, and experience 
has shown that such compounds cannot be pr(‘parcd. The name* 

“ methylene ” is, however, applied to the group of atoms ^CHj. 


Acetylene, C2H2 

Acetylene is a gas of great industrial im|)ortance, and is largely 
used as an illuminant. It is not an olefine, but is the lowest member 
of another series of unsaturated hydrocarbons. 

PreparcUion . — ( 1 ) Acetylene is formed in small quantities from 
its elements when an electric arc is passed Ix^twt^en carbon poles in 
an atmosphere of hydrogen. It is also formed when coal gas bums 
in an insufficient supply of air, as, for example, when a bunsen 
burner is lit at the bottom of the tube. 

(2) Acetylene is formed when ethylene dichloride (or dibromide 
(jr di-iodide) is boiled with alcoholic potash : 

C,H,Br, + 2KOH = C:,H, + 2 K Br + 2H ,0. 

This is perfectly analogous to the preparation of ethylene from 
ethyl bromide. 

(3) Acetylene is always prepared in practice by the action of 
water on cidcium carbide. Calcium carbide is a hard, mrey mlid, 
and is manufactured by heating a mixture of coke and*Iimo in an 
electric furnace : 


CaO + 3C = CaC, + CO. 
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On treatment with water in the cold it' is decomposed with evolution 
of acetylene : 

CaC, + 2H,0 == C*H* + Ca(OH)a. 

For the preparation of the gas in the laboratory, the lumps of calcium 
carbide are placed in a flask and covered with a layer of sand. Water 
is added drop by drop from dropping funnel, and the gas evolved 
is collected over water. The object of the layer of sand is to make 
the water percolate slowly through to the carbide, so that the gas 
is given off steadily and not in irregular rushes. * 

Properties . — Acetylene is a colourless gas with an unpleasant, 
very characteristic smell. It is slightly soluble in water. The gas 
bums in air in the ordinary way with a smoky yellow flame, but 
by the use of special burners the flame can be made smokeless and 
very brilliant. A mixture of acetylene and air explodes violently 
when a flame is applied. 

In chemical properties acetylene resembles the olefines in that 
it is highly unsaturated. Thus it combines with hydrogen, in the 
presence of platinum black to form ethane : 

C2Hj + 2H2 = C2He. 

It combines directly with the halogens, the reaction taking place 
in two stages. For example : 

(i.) CjHj + Cla 

(ii.) C2H,aj + Cl2=C2H2Cl4. 

These facts, together with considerations of valency, show that 
aoeWlene must be represented by the structural formula CH = CH 
or CH CH, the carbon atoms being linked together by a “ treble 
bond ”, All compounds containing such a treble linkage resemble 
acetylene in that they can combine with either two or four univalent 
atoms or groups, the valency bonds being always saturated in pairs. 

Copper acetylide, CujCj, is formed as a dark red precipitate when 
acetylene is passed into an ammoniacal solution of cuprous chloride. 
The dried compound explodes violently if heated or if struck with 
a hammer. On treatment with hydrocWoric acid it yields acetylene. 

Silver aceiylide, AgjC,, formed when acetylene is passed into an 
ammoniacal solution of silver nitrate, is even more explosive than 
the copper compound. 



CHAPTER XVII 

THE MONOHYDRIC ALCOHOLS 

Mention has already been made of the groups of atoms : methyl, 
ethyl, propyl, etc. These are known collectively as the alkyl 
radicles, and may be considered as being theoretically derived from 
the corresponding paraffins by the removal of a hydrogen atom. 
For example : 

Methyl, CH3 — derived from methane, CH4. 

Ethyi, CH3.CH2 — „ „ ethane, CH3.CH3. 

I^opyl, CH3.CH2.CH2— „ „ propane, CH3.CH2.CH3. 

Iso-propyl, (CH3)2CH— „ „ „ • 

These radicles arc of course only met with in combination, and are 
no more capable of existing in the free state than are such inorganic 
radic les as NH4 - , - SO4, and - NO3. 

Alcohols are a class of com|>oun(is which contain the hydroxyl 
group, -OH, combined with an alkyl radicle, and they m«^ be 
regarded therefore as the hydroxides of the alkyl radicles. They 
form a homologous series, the lowest number of which is methyl 
alcohol, CH3.OH. 


Methyl Alcohol, CH3 . OH 

Preparation, — (1) Methyl alcohol can be made synthetically ^ by 
heating a methyl halide with water or with dilute alkalies under 
pressure : 

CH3CI + HjO = CH3 . OH + HCl. 

This method is only of theoretical interest. 

( 2 ) All the methyl alcohol of commerce is obtained by the 
destructive distillation of wood i|^ iron rc^torts, the temperature 
being gradually raised during several hours. At first, gases, chiefly 
carbon monoxide and hydrogen, are evolved, but as the temperature 
increases a tarry liquid collects in the receivers. The heating is 

^ A synthetic process is one by which a compound is built up from its 
elements, or from simpler compounds which can themselves be built up from 
their elements. In this particular case the methyl chloride could be made 
from carbon, hydrogen, uid chlorine by the following series of reaeflons ; 

^ action of chlorine"^ CH.a. 

215 
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continued until all the volatile decoiftpoBition products of the wood 
have distilled over, and nothing remains in the retorts but a mass 
of wood-charcoal. The distillate, on settling, separates into two 
layers : 

(i.) Wood tar.^ 

(ii.) A brownish, aqueous layer known as “ pyroligneous acid ”, 
which contains abeut 10 per cent of acetic acid (p. 243), 
2 per cent of methyl alcohol, and 0*5 per cent of acetone 
(p. 240). 

The pyroligneous acid is separated and distilled, and the vapours 
afe passed through hot milk of lime, which “ fixes ” the acetic acid 
as its calcium salt. The methyl alcohol, together with acetone, 

? ater, and other impurities, passes on, and is condensed in a receiver. 

ho distillate is decolorised by filtration through animal charcoal, 
and is then fractionally distilled to get rid of most of the water, the 
last traces of which are removed by adding quicklime and again 
distilling. The methyl alcohol obtained in this way still contains 
acetone and traces of other impurities, from which it is freed by 
mixing with anhydrous calcium chloride, with which methyl alcohol 
forms a solid compound, CaCl2.4CH30H. This solid is pressed to 
remove liquid (acetone, etc.), and is then decomposed by distillation 
with water. The methyl alcohol in the distillates is freed from water 
by fractional distillation, followed by distillation over quicklime. 

Properties. — Methyl alcohol is a colourless liquid (specific gravity 
0*80, and b.p. 66*^), having a characteristic alcoholic odour and a 
burning taste. It mixes in all proportions with water and with 
ethyl alcohol, and bums with a pale blue flame, with formation of 
water and carbon dioxide. 

Chemically, methyl alcohol is a very reactive compound. A 
piece of metallic sodium added to the liquid dissolves, with evolution 
of hydrogen. If now the excess of methyl alcohol is evaporated off, 
an “alcoholate ” called sodium methoxide remains, a sodium atom 
having displaced the hydrogen atom from the - OH group : 

2CH3 . OH + 2Na = 2CH3 . ONa + Hj. 

Sodium methoxide is a hygroscopic solid, and is at once decom- 
posed by water with regeneration of the alcohol : 

CHg . ONa + HjO = CHg . OH + NaOH. 

Potassium reacts with methyl alcohol in a similar manner. 

Methyl alcohol is neutr^ to litmus, although in some ways it 
behaves like a very weak basic hydroxide. Thus, if dry hydrogen 

^ Fix Liaoida, Tar, ia the tar obtained in this way from various species of 
Pinus. It ia dark brown or black, and of a semi-liquid consistency. Cliomi- 
oally, it is a complex mixture of hydrocarbons, phenols (p. 346), and other 
conmounds. 

CjNOmIKIIOI, CtbosoU, ia a colourless or pale ;^ellow liquid obtained by 
fractional distillation of beechwood tar. It conslg^ts mainly of creosol and 
guaiacol (p. 362). 
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chloride gas be passed into diy methyl alcohol, methyl chloride is 
produced, a reaction which may be compared with the neutralisation 
of ammonium or sodium hydroxides with hydrochloric acid : 

CH3.OH + Ha =CHoCl + H3O, 

NH4 . OH + HCl = NH4CI + HjO. 

The analogy between the two cases is ^ reality very slight. The 
reaction between ammonium hydroxide and hydrochloric acid takes 
place instantaneously and completely, even in dilute solution ; but 
iir the case of methyl alcohol and hydrogen chloride the reaction is 
slow, and never proceeds quite t<) completion, owing to the fact 
that it is reversible, the water produced during the reaction tending 
to reconvert the methyl chloride into methyl alcohol : 

CH3CI + HjO CHg . O H + HCl. 

Other acids, both organic and inorganic, react with methyl and 
other alcohols in a similar way. The products formed are called 
** ethere^ salts ” or esters **, so that methyl chloride, for example, 
may be^said to be the methyl ester of hydrochloric acid. The 
process of conversion of an acid into an ester by interaction with an 
alcohol is called “ esterification ”. The reverse prqpcss, the splitting 
up of an ester into a mixture of an alcohol and an*acid by means of 
water, is called “ hydrolysis ”. The prey)aration of some of the 
more important esters will be described later. 

Methyl alcohol is readily acted on by phosphorus tri- or penta- 
chloride, with formation of methyl chloride : 

CHg . OH + PCI5 = CHgCl + POCHg + HCl. 

The bromides and iodides of phosphorus behave similarly. 

Methyl alcohol is readily converted by oxidising agents, such as 
acidified [K)tassium dichromate solution, intt) formaldehyde. This, 
on further oxidation, passes into formic acid : 

CHg.OH+O-H.CHO f HgO, 

Formal- 

dehyde. 


H.CHO+O-H.COOH. 

Formic acitl. 


Constitution , — The acccpbpd constitutional formula for methyl 
alcohol 


H 

H— i— O— H or CH,.OH 

A 


is the only possible formula which satisfies the valency conditions 
of the various atoms. It agrees well with the chemical properties 
of the compound. Thds, only one hydrogen atom can be displaced 
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from the methyl alcohol molecule by sodium, showing that one 
hydrogen atom is in a different state of combination from the other 
three. Further, the oxygen atom and one of the hydrogen atoms 
can be together displaced from the molecule by one chlorine atom 
(by the action of phosphorus pentachloride), a reaction which is 
readily understood if we assume that the methyl alcohol molecule 
contains the univalent — OH group. 

Testa for Methyl Alcohol. — (1) Hold a hot spiral of platinum 
wire over some warm methyl alcohol contained in a beaker. The 
wire becomes red-hot, and the characteristic odour of formaldehyde 
is evolved. 

* (2) To about 2 mils of the sample add about 1 mil of glacial 
acetic acid and 2 mils of concentrated sulphuric acid, and warm. A 
pleasant odour of methyl acetate, closely resembling that of ethyl 
acetate, is evolved. 

(3) Methyl alcohol docs not give the iodoform reaction (p. 221, 
Distinction from ethyl alcohol and acetone). 

(4) Methyl alcohol can be detected, either alone or in the x^resence 
of ethyl alcohol, as described on p. 224. 

Fthyl Alcohol, CH3.CH2.OH 

Ethyl alcohol is the ordinary “ alcohol ” of commerce, and 
occurs in wines, beer, spirits, and all fermented liquors. It is one 
of the most important of all organic comi)ound8, being extensively 
used as a solvent and as a starting-point for the preparation of other 
comxx)unds. 

Preparation, — (1) Ethyl alcohol can bo prepared by a method 
similar to that described for methyl alcohol, namely, by boiling an 
ethyl halide with water, or, preferably, with a dilute solution of an 
alkali : ^ 

CjHjBr + HjO = C2H5 . OH + HBr. 

(2) Alcohol can be prepared in the laboratory, in small quantities, 
by the fermentation of a solution of ordinary cane sugar. 

About 500 mils of dilute (5 per cent) sugar solution is set aside 
in a warm place, and a small quantity of frei^ brewer’s yeast added. 
After a short time the mixture begins to froth and evolve carbon 
dioxide, at the same time acquiring a characteristic odour resembling 
that of beer. After a day or two the liquid is distilled, only about 
the first 160 mils of the distillate, containing most of the alcohol, 
being collected. The product can be freed from water by fractional 

‘ This provides a method by which ethyl alcohol can be synthesised from 
its element. The complete series of recMitions is as follows : 

C - 50200 *^ i^tionof^htorin. CH.Cl 

action of sodium”^ action of chlorine”^ 


action of aqueous alkalies 
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distillation followed by distillation over quicklime, and in this way 
alcohol containing less than 1 per cent of water is obtained, this 
constituting the Absolute Alcohol of the Pharmacopoeia. 

The fermentation of sugar solutions is due to the presence in 
the yeast of certain substances known as enzymes. Enzymes are 
lifeless, nitrogenous, amorphous, soluble substances of complex 
composition, which occur in the cell juices of certain plants. They 
are capable of bringing about certain chemical changes, the effect 
being comparable with that*of inorganic catalysts. The following 
iihportant ^ints about enzyme action should be noted : 

(i.) A particular enzyme can only, as a rule, bring about one 
particular type of chemical reaction. * 

(ii.) like many inorganic catalysts, an enzyme slowly loses its 
activity during the reaction. 

(iii.) The catalytic activity of an enzyme is destroyed by heat. 

Yeast is a unicellular plant which contains in its cell sap three 
important enzymes : (i.) maltase, which can convert maltose (malt 
sugar) into a mixture of glucose and fructose ; (ii.) invertase, which 
can convert cane sugar into a mixture of glucose and fructose ; and 
(iii.) zymase, which can convert cither glucose or fructose into alcohol 
and carbon dioxide. In the formation of alcohqj from cane sugar 
solution, only the last two of these enzymes take part. The reaction 
takes place in two stages : 

Action of invertase — 

Cane sugar. Clucoac. FnictoKr. 

Action of zymase — 

CeH,A-2C,H,.0H4 2C02. 

Glucose or 
fructose. 

Manvfacture, — Alcohol can be prepared on the large scale by 
the fermentation of products rich in sugar, such as molasses or the 
juice of the sugar beet. 

The greater part of the alcohol of commerce is made from 
potatoes and com, which x>rovide cheap sources of starch. The 
starch is first converted into sugars, which are then made to imdergo 
alcoholic fermentation. A brief description of the usual process is 
as follows : 

Moistened barley is kept at a ^ntle heat until the grain com- 
mences to germinate, the product being “ malt During germiM- 
tion an enzyme, diastase, is produced, after which further germination 
is arrested by dr3dng the malt at a temperature of about 50®. The 
diastase is capable of converting the starch in the barley into 
maltose ; but, as the amount of diastase produced is sufficient to 
convert much more starch than the barley contains, a •cheaper 
source of starch, such as potatoes or maize, is mixed with the malt, 
the whole being ground in a mill. 
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From the mill the mixture is led Into a “ mash-tun ”, where it 
is mixed with water and maintained at a temperature of 60^ for 
some time, with constant agitation. During this time the diastase 
converts the whole of the starch present into mcdtose. 

The liquid (now known as the “ wort ”) is run off, cooled, and 
fermented by the addition of about 2 per cent of yeast, the fermenta- 
tion taking from three to nkie days. The vat is covered towards 
the end of the time to prevent ‘‘ souring ” by oxidation of the alcohol 
to acetic acid. The whole process may be summarised as follows : 


Starch — 

Maltose — 

(Diastaso.) 

— y Maltose. 

f Glucose. 

(Maltaso.) 

^ \ Fructose. 

Glucose 1 


. ( Alcohol. 

Fructose ) 

(Zymase.) 



When a concentration of 13 to 15 per cent is reached the fermenta- 
tion ceases, owins to the inhibitory action of the alcohol on the 
enzymes. The liquid is then fractionally distilled, the product 
being an 80 to 00 per cent alcohol, containing traces of amyl and 
other higher alcohols, together known as ** fusel oil ”, from which 
it must TO freed. The impure alcohol is poured into water, which 
throws the fusel oil out of solution in the form of minute oily drops. 
The liquid is filtered through animal charcoal, which retains most 
of the fusel oil, and is then fractionally distilled, being finally dried 
over quicklime and again distilled to yield absolute alcohol. 

Properties . — Alcohol is a colourless, mobile liquid (specific gravity 
0*786 at 25°, b.p. 78°), which does not solidify until - 130°. It has a 
oharaoteristic odour, a biuming taste, and is very inflammable, 
burning with a non-luminous flame to form carbon dioxide and 
water. 

The chemical properties of alcohol are so similar to those of 
methyl alcohol that it is only necessary to mention them briefly. 
When treated with metallic sodium or potassium, hydrogen is 
evolved, and the metal dissolves to form sodium or potassium 
ethoxide, 2CsH5 . OH + 2K = 2C2H5 . OK + Hj. These ethoxides are 
similar in properties to the corresponding methoxides. 

Alcohol reacts with acids, fin the absence of water, to form 
esters; for example: 

CaHj . OH + HBr = C^HjBr + H,0. 

When alcohol is mixed with concentrated sulphuric acid, the acid 
ester, ethyl hydrogen sulphate, is produced. This compound has 
been previously mentioned in connection with the preparation of 
ethyl^e : 

C^Hs. OH -h H^04 HSO 4 -I- H 4 O. 
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Chlorides, bromides, or iodides of phosphorus convert alcohol into 
the corresponding ethyl halides ; for example : 

3C^4. OH + PCls -SCjHaCl + H5PO3. 

Alcohol is readily oxidised by a warm acidified solution of 
potassium dichromate, with formation of acetaldehyde. This on 
further oxidation is converted into acetic acid : 

CjHj . OH + 0 -CH3.CHO + H3O, 

Acet- 

aldehyde. 

CH3.CHO + O =CH3.C00H. 

Acetic aciil. 


Constitution . — Assuming that the atoms have their usultl 
valencies, the constitutional formula of ethyl alcohol must be cither 

H H H H 

H— i— o— H or H— 0 — i— H. 



Since its formation from an ethyl halide (]). 218) is similar to the 
formation of methyl alcohol from a methyl halide, Formula (I.) 
seems to be the more acceptable. This view is supported by the 
following facts : 

(i.) One hydrogen atom only is displaceable by sodium or 
potassium, showing that it is in a different state of combination 
from the other five. 


(ii.) By the action of phosphorus j)entachloride, the oxygen 
atom and one hydrogen atom are together displaced by a s^le 
atom of chlorine, pointing to the probability that the molecule 
contains a univalent — OH group. This is confirmed by the fact 
that alcohol can be converted into esters in a somewhat similar 


manner to that whereby metallic hydroxides arc converted into salts. 

(iii.) Formula (1.) agrees well with the behaviour of alcohol on 
oxidation. 


(iv.) Another compound is known (dimethyl ether, p. 228), the 
properties and modes of formation of which agree well with 
Formula (II.). ^ 

It will be seen that the rcactions*of alcohol are largely dependent 
upon the presence of the — OH group, a fact which is true of the 
higher members of the series. 

Tests for Ethyl Alcohol, — (1) Dilute a few drops of alcohol with 
about 2 mils of water. Add a few small crystals of iodine, warm 
gently, and add aqueous sodium carbonate until the brown colour 
of the iodine disappears. On cooling, a pale yellow cfystailine 
precipitate of iodoform is produced. If very little alcohol is present 
the iodoform may not be precipitated, but its very chanu^risUo 
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odour may be observed. Care should be taken not to use too much 
alcohol or the iodoform will remain in solution in the excess. 
Hiis test serves to distinguish ethyl from methyl alcohol, but it is 
also given by acetone and a few other substances. 

(2) Add a few drops of alcohol to a solution of potassium 
dicluomate acidified with dilute sulphuric acid, and warm. The 
solution changes from orang^ to green, and the characteristic odour 
of acetaldehyde can be observed. 

(3) To about 2 mils of alcohol add about 1 mil of glacial acetic 
acid and 2 mils of concentrated sulphuric acid, and warm gently. 
TJho pleasant, fruity odour of ethyl acetate will be noticed (p. 269). 


* SPIRITUS RECTIFICATUS 

Alcohol (90 per cent). Syn. Rectified Spirit 

This is an aqueous solution containing in 100 parts by volume 
90 parts by volume of ethyl alcohol, corresponding to 85*68 per cent 
of ethyl alcohol by weight. Specific gravity, 0*8337. 

Preparation. — It is prepared from starch- or sugar-containing 
substances by thoi method previously described for absolute alcohol, 
except that the purified aqueous alcohol, instead of being dried over 
quic^me, is fractionally distilled to bring it up to the required 
strength. 

Tests for Impurities. Non-volatile Matter. — It should leave no 
residue on evaporation. 

Oily or Reaimus Substances. — No opalescence should be produced 
on mixing with water. An apparent opalescence, disappearing on 
standing, may be due to air-bubbles. 

Fusel Oil and Allied Impurities. — Pour a few drops on to a 
clean filter-paper and allow to evaporate. No unpleasant odour 
should remain. 

Amyl Alcohol and other Reducing Impurities (Limit of ). — ^To 
100 mils add 2 mils of N/10 silver nitrate, expose to bright light for 
twenty-four hours, and decant from the black powder which has 
been formed. The clear liquid thus obtained should undergo no 
further change when again exposed to light with more N/10 silver 
nitrate. 

Aldehyde (Limit of). — When mixeAwith half its volume of a 1-6 
aqueous solution of sodium Ijydroxide. the mixture should not 
immediately darken in colour. 

Tannin, Excess of Aldehyde, and other Organic Impurities. — No 
immediate darkening in colour should caused by the addition 
of Solution of Ammonia. 

Alcohol Absolutum. Absolute Alcohol. — This consists of ethyl 
alcohol “with not more than 1 per cent of water. It is obtained by 
dehydration of aqueous alcohol and subsequent distillation, as has 
•dready been described. Specific gravity, 0*794-0-7969. 
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Teats for Impuritiea, — It should be free from the impurities 
indicated under Spiritus Reotificatus. In addition, the Pharma- 
copccia prescribes the following test for water : 

Anhydrous copper sulphate, shaken occasionally during two or 
three hours in a well-clos^ vessel with about fifty times its weight 
of Absolute Alcohol, should not assume a decidedly blue colour 
(absence of excess of water). * 

^ The Diluted Alcohols. — ^Mado by mixing together alcohol and 
water, the Pharmacopoeia includes four strengths of alcohol other 
than 90 per cent, namely, 70 per cent, 60 \yeT cent, 45 per cent, an^ 
20 per cent. When alcohol and water are mixed three phenomena 
will bo observed : first, the appearance of tiny air-bubbles due 
to the fact that air is more soluble in alcohol than in water, and is 
exi^elled on dilution ; secondly, heat is generated, owing to the 
formation of a hydrate ; and, thirdly, contraction in volume takes 
plac-e due to the same cause, the contraction being greatest when the 
proportims arc one molecule of C2H5.OH to three of H,0. It will 
therefore Ix^ seen why the Pharmacopoeia states that whenamixture of 
alcohol and water is prescribed the cooled liquid must be employed. 

If we (lesire to find in what proportions one strength of alcohol 
is to 1)0 mixed with water to produce a required strength, a simple 
method is available. 

Example : Mixing 90 per cent with water to yield 70 per cent. 

90 per cent loses 20, 

Water gains 70, 

take 7 parts of 90 per cent \ - , _ , . , 

2 ,, water i'®** ® parts required. 

If We take 1000 mils of alcohol, as in the Pharmacopoeia, we require 

2x1000 _ , 

^ — -285 mils (approx.) of water. 

Put the Pharmacopoeia sayS 310-5 mils of water is necessary, 
Ix'cause the contraction in volume has bt^en allowed for. We 
should find that 1000 mils of alcohol and 285 mils of water would 

produce 12^ mils of mixture, but less, and wo should have to 
add some 25 mils of water to correct the final volume. This is a 
fact that must be carefully noticed, and it will be a useful exercise 
for the student to work out the theoretical quantities for the other 
mluted alcohols and compare them |rith the quantities ordered by 
the Pharmacopoeia. 

Proof Spirit.— This was official in the 1885 Pharmacopoeia undef 
Spiritus Tenuior. It is defined by Act 58 George III. 

M teing such that at a temperature of 51° P. shall weigh exactly 
13™ of the weight of an equal measure of distilled water. That 
^ * specific gravity of 0-91976 at 15-5° C. It contains 
I u volume, or 49-28 per cent by weight, of ethyl 

alcohol. This concentration was originally fixed as being the most 
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• dilute aqueous alcohol which, on being poured on to gunpowder and 
imted, would fire the powder. If the spirit contained more water, 
the gunpowder was too wet to fire. 

For Excise purposes, weaker spirits are termed under-proof (u.p.), 
and stronger spirits over-proof (o.p.) . “20 degrees over-proof ' ' means 
that 100 volumes of the spirit, diluted with water, yield 120 volumes 
of proof spirit. “ 30 degrees under-proof ” means that 100 volumes 
of the spirit contain 70 volumes of proof spirit. 

The strength of alcohol solutions can be determined by findyg 
the specific gravity by means of a hydrometer or a specific-gramy 
Jbottle. The strength of alcohol which corresponds to the observed 
specific gravity can then be found by reference to alcoholimetric 
tables, several of which have been published. 

Denatured Alcohol. — For pharmaceutical and industrial purposes, 
alcohol which has been rendered unfit for drinking by the addition 
of certain specified substances may be employed by licensed persons, 
and can be obtained by them free front Excise duty. 

Ordinary methylaM spirit (mineralised spirit) has, at the time 
of writing, the following composition : 

Spirit (60® ovor-proof) 

Wood naphtha (wood spirit) 

Crude pyridine 
Mineral naphtha (petroleum) 

Methyl violet 

The methyl violet is added for colouring purposes. The other 
impurities give to the spirit an exceedingly disagreeable taste. 
Methylated spirit can be sold by retailers, and may be used in the 
preparation of certain liniments of the Pharmacopoeia, provided 
that they are labelled “ Methylated “. It must not be used for 
any preparation which might be employed for internal use. 

For certain industrial purposes, partially denatured alcohols 
(consisting of spirit adulterated with wood naphtha only) may be 
used, but these cannot be sold retail. 

Detection of Methylated Spirit in Tinctures and other Alcoholic 
Liquids, — Distil the Uquid until about 6 mils have been collected. 
Place the distillate in a small distillation fiask, add about 6 grammes 
of potassium dichromato and 50 mils cf dilute sulphuric acid. 
Allow to stand for fifteen minutes and distil off the bulk of the 
liquid into a small fiask kept cold by immersion in water. In this 
-way the ethyl alcohol is oxidised to acetaldehyde and partly to 
acetic acid ; the methyl alcohol is oxidised first to formalde^de 
and then to formic acid. Neutralise ^e final distillate with sodium 
carbonate, and concentrate by boiling until all aldehydes have been 
expelled. The solution win now contain sodium acetate and 
possibly sodium formate. Acidify slightly with acetic add, add 
silver nitrate, and warm for a few minutes. A distinct, finely 


90 per cent. 

;t :: 

J of 1 per cent by volume. 
Not lo8s than 0'626 oz. per 
100 gallons. 
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divided black precipitate indicaW the presence of formate, showing 
that the original liquid contained methyl alcohol. 


Higher Alcohols 


Classification of Alcohols. — ^As has already been mentioned, all 
the monohydric alcohols are similar in chemical properties in so far 
as their properties are dependent upon the presence in the molociule 
of the —OH group. In one important respect, namely, their 
behaviour on oxidation, some alcohols differ widely from others, 
and alcohols may be divided into three classes according to the 
products they yield on oxidation. * 

Primary alcohols, to which class methyl and ethyl alcohols 
lx?long, contain the group —CHa-OH coinbined with an alkyl* 
radicle (in the case of methyl alcohol with a hydrogen atom). On 
(jxidation they are converted into aldehydes containing the group 
— OHO, and further oxidation converts the aldehydes into an acid 
containing the group — COOH : 


/H /OH 

OH., . CHa . OH — > CH3 . v/ > CH ^ . CC 

M) • ^O. 

Kthyl alcohol. Acct-alilohydo. Acetic acid. 


Secondary alcohols contain the group >CH.OH, to which are 
join(‘d two alkyl groups. On oxidation they yield compounds 
called ketones, which contain the group >00 joined to two alkyl 
groujw : 

CH3.OH2V OHg.OHax 

)OH.OH— ^ ;o O. 

OH3/ OH3/ 

Secondary butyl alcohol. Methyl ethyl ketone. 


Tertiary alcohols contain the group ^0. OH joined to three alkyl 


groujis. They are only oxidised with difficulty, the molecule being 
usually broken up with formation of a numlxT of oxidation products, 
of which contain fewer carbon atoms in the molecule than the 
original alcohol. As an example may be mentioned tertiary butyl 
CH3\ . 

ilcohol, CHj-^C.OH, which when cuddised yields a mixture of 

MJetone, (CH8)jC0, acetic acid, CHj.COOH, carbon dioxide, and 
>ther Bubstanoes. 


Propyl alcohol, CHs.CH^.CHi.OH, is found in fusel oil, and is 
colourless liquid very simffar in properties to ethyl alcohol. It 
5pils at 97®, and mixes with water in all proportions . It is a primary 
d^hol, and yields on oxidation with acidified potassium dichrbmate 
Jolution, first propaldehyde, CHa.CH-.CHO, and then propionic 
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Isopropyl alcohol, (CHsJgCH.Oll, is a seoondarj alcohol. It 
can be prepared by beating isopropyl iodide, (CHg)gCHI, with 
silver hydroxide. 

(CHg)gCHI + AgOH = (CHslgCH. OH + AgL 
On oxidation it yields acetone (dimethyl-ketone) ; 

(CH3)jCH . oh -f- 0 - (CH3) jCO + H3O. 


There are four isomeric butyl alcohols of the molecular fomyila 
C4H9. OH, and eight alcohols of the formula CjH^ . OH. These latter 
.are called amyl alcohols. Fusel oil consists cmefly of iaoprimary 
amyl alcohol, (CH3)aCH.CHa.CH2.0H, together with smaller 


. CH3\ 

quantities of optically active amyl alcohol, yCH.CH2.OH, 

CHa.CHa^ 

and other alcohols. Commercial amyl alcohol is prepared from 
fusel oil by shaking it with a saturated solution of common salt, 
separating the oily layer, distilling it, and collecting tile fraction 
passing over between 126 ° and 143 °, Mixed with benzene, it is 
employed under the name of “ benzolated amylic alcohol ” as a 
solvent in the extraction of cinchona alkaloids. The amyl alcohols, 
unlike the lower members of the series, are only sparingly soluble 
in water. This fact explains why the fusel oil in crude alcohol Is 
thrown out of solution on dilution. 


Some of the higher alcohols, notably cetyl alcohol, C13H33.OH; 
ceryl alcohol, CjeHja.OH ; and miricyl alcohol, CgoHgj.OH, occur, 
in the form of their esters, os the main constituents of waxes (p. 277 ). 


Thio-alcohols 

A number of compounds are known which are similar in structure 
to the alcohols, except that they contain a sulphur atom in place 
of the oxygen atom. They are known as thio-alcohols, or more 
commonly as mercaptans. 

Mercaptan, ethyl mercaptan, CaHg.SH, can be prepared by the 
action of potassium hydrosulphide, I&H, on ethyl bromide : 

CaHgBr + KSH = C1H3. SH -f- KBr, 
with which compare : * 

CaHjBr + KOH - Ofig . OH -1- KBr. 

It is a volatile liquid boiling at 36 °, and has a disgusting odour 
recalling that of garlic. 

When treated with sodium, mercaptan yields sodium mercaptide, 
CtHgfSNa, analogous to sodium ethoxide, CaHg.ONa. Potassiam 
recMsts in a similar way. Mercuric mercaptide, (CaHa.S)tHg, can 
be prepared by shaking mercaptan with iderouric oxide. 
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Sulphonalf StUphoruU, is 'an imiX)rtant mercaptan derivative. 
Ethyl mercaptan reacts with acetone (p. 240) in the presence of 
hydrogen chloride to form a compound called mercapiol : 


CH,\ 

;co+2C,H5.sh 

ce/ 


/S.C,H5 

ch/ 

Moreaptol. 


+H,0. 


Mercaptol, on oxidation with potassium permanganate, yields 
sulphonal : 

CH3V. /S.C2H5 (;H3n. /SOj.Cyjj 

+40 — -> 

CH3/ \S.C2H5 CH/ 

Sulplioiml. 

SuIi)honal forms colourless crystals melting at 125”. It is 
slightly soluble in alcohol, very sparingly in water, forming neutral 
solutions. 

Methylsulphonab MethyUulphonal, sometimes known as trionalf 
is prepared in a similar manner, using methyl ethyl ketone, 
CH3V 

/CO, instead of acetone. 

fyi/ 

0 ^ /S.CjHj (:H,\ /SOj.CjHs 

0,h/' ^C,h/ \so,.c,h,. 

Methy Isulplional . 

Methylsulphonal is a crystalline powder melting at 76®, and is 
sparingly soluble in water and in alcohol. 



CHAPTER XVIII 


THE ETHERS 


T41E ethers are coniiwunds whoso molecules consist of an oxygen 
atom to which two alkyl radicles are attiiched. Theoretically, 
they may be regarded as the oxides of the alkyl radicles, the alcohols 
being the hydroxides. Thus wo have : 


CH3.OH 
Mothyl al(5oliol. 


with which compare : 

Na.OH 

Sodium hydroxiilo. 


(CH ,),0 

J)i methyl ether. 


NaaO 

Sodium oxide. 


The two edkyl radicles in an other may be the same or 
In the former cose the compound is called a simple etht 
the latter cose a mixed t'tht^r. 

The ethers form a homologous scries, of which the fc 
members are : 

Dimethyl ether, CH3.O.CH3, 

Mothyl ethyl ether, CHj . 0 . C2H5, 

Methyl propyl ether, CH8.O.C3H7, 

Diethyl ether, CjHj . O . C2H5. 

The only other of any groat importance is diethyl ether, usually 
known as “ ether ”. 


Diethyl Ether. Ether {C2H5)bO 

Preparerfion, — ( 1 ) Ether can be prepared by heating an ethyl 
halide with dry so^um ethoxidcf : 

CjHjBr + C2H5 . ONa - CjHj . 0 . CjHj + NaBr . 

This is a general method for the preparation of compoimds of the 
ether type. It is particularly applicable to the preparation of 
mixed ewers. Methyl ethyl ether, for example, can he prepared 
by heatihg an ethyl halide with sodium methoxide : 

CjHJ +CH3.0Na -C3H3. 0 .CK, +NaI. 
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(2) In the laboratory, it is prepared by heating a mixture of 
eth^ alcohol and concentrated sulpnuric acid. 

apparatus (Fig. 6) consists of a half-litre distillation flask, 
connected by means of a cork to a long Liebig’s condenser. The 
other end of the condenser is attached to an adapter, and the 
receiver (a 250-mil flask or bottle) is ^surrounded with broken ioe. 
The distillation flask is provided with a double -bored cork, through 
the holes of which pass a thermometer and a dropping funnel.^ 

« A mixture of concentrated sulphuric acid (54 mils) and absolute 
alcohol (68 mils) is prepared by slowly running the acid into the 
alcohol, with constant shaking and cooling under the tap if necessary. 



The mixture is poured into the distillation flask, and the thermo- 
meter is pushed through tlie cork until the bulb is completely 
immersed in liquid. The flask is then heated rm a sand-bath or 
wire gauze until the tem^raturc reaches 140 ’, when ether begins 
to distil over. Absolute alcohol is now run in through the dropping 
funnel at about the same ra4;e os the ether distils, the? temp(*raturo 
l^ing kept as near as possible to throughout the oT)eration. 
The process can be continued until about 80 mils ftf alcohol have 
been CKlded through the funnel. 

^fher obtained in this way contains watcir, alcohol, and 
sulphurous a<;id (formed by reduction of some of the sulphuric 

* In carrying out this preparation, Hpecial prorautions must be taken 
®8aiMt the possibility of the ether vapour taking fire. All corks should be 
* ^‘^ht fit, a good stream of water should be maintained through the condenser, 
^ i* advisable to interpose some simple form of screym, such os a large 
Sheet of cardboard, between the distillation flask and tho receiver. 
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acid), from which it must be freed. It is therefore washed by shaking 
it in a separating funnel with a small quantity of dilute sodium 
hydroxide solution, allowing to separate, and running off the lower 
aqueous layer. The washing is repeated, and the ether is then 
dried by adding small lumps of anhydrous calcium chloride, and 
allowing it to stand, loosely corked, for at least half an hour. The 
ether is finally decanted from the calcium chloride into a dry flask, 
and distilled from a water-bath. 

Ether prepared in this way is tolerably pure and dry. It cap 
bo freed from the last traces of water and alcohol by allowing it to 
sWid for twenty-foxu* hours over pieces of metallic sodium, in a 
flask closed by a cork through which a calcium chloride tube passes, 
apd then distilling it from the sodium residues. 

The formation of ether by this method is explained as follows. 
On mixing the alcohol with the concentrated sulphuric acid, ethyl 
hydrogen sulphate is formed : 

CjHfi . OH + HaS04 - C^Hg . HSO 4 + H 2 O. 

This compound, on heating with alcohol, yields ether and sulphuric 
acid : 

CaHg . H 8 O 4 + CgHg . OH = CgHg . 0 . CgHg + H 2 SO 4 . 

None of the sulphuric acid is used up during these reactions, so 
that a given quantity of the acid is able to convert a relatively large 
quantity of alcohol into ether. However, side reactions cause 
some of the acid to ho reduced to sulphur dioxide, and after a time 
the acid becomes so diluted by the water produced that the process 
has to be discontinued. 

This preparation should be carefully compared with that of 
ethylene (p. 210), Both reactions take place in two stages, and 
the flrst product in each case is ethyl hydrogen sulphate. If a largo 
excess of sulphuric acid is used and the mixture is heated to a high 
temperature, the ethyl hydrogen sulphate is decomposed, with 
formation of ethylene ; if, on the other hand, a comparatively large 
proportion of alcohol is used and the temperature is kept lower, 
ether is the main product. 

Properties , — Ether is a colourless, very mobile liquid, with a 
characteristic odour. Its specific gravity is 0*74, and it boils at 35°. 
It is miscible with alcohol in all prop<^ions, but is only soluble in 
water to the extent of about 1 part in 10. The vapour is exceedingly 
inflammable, and forms an expl6sive mixture with air. Care sho^d 
be taken not to handle large quantities of ether anywhere near a 
naked flame. 

In chemioal properties ether is a very inert substance. It is 
not acted upon by metallic sodium or potassium. It is only very 
slowly attacked by ordinary oxidising agents, and phosphorus 
pentachloride has no action on it in the cold. Hot concentrated 
acids decompose ether, with formation of esters. For example : 

(C,Hj),0 + 2HI = 2C,H5l +‘h20. 
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That ether must have the constitutional formula assigned to it 
is obvious from the first method described for its pi'eparation. Its 
chemical inertness, when compared with the alcohols, is attributable 
to the absence from the molecule of the very reactive — OH group. 

^ther. Ether . — ^The official substance boils from 34-36°, and 
has a specific gravity of 0*720. 

Test for Impurity . — On being allowed to evaporate in a glass 
dish at ordinary temperatures, it should leave a film of moisture 
which does not bleach or redden litmus (absence of sulphurous and 
otHer acids). 

Other common impurities, not mentioned in the Pharmacopa‘ia, 
are water, alcohol, extractive matter, and — in the case of ether* 
prepared from methylated spirit — methyl compounds. 

^ther Purificatus. Purified Ether . — This is a specially purified* 
variety of ether, and is described in the Pharmacopoeia in addition 
to iEther. It can be prepared from -^ther by further wasliing and 
drying, followed by fractional distillation. ^Ethcr Purificatus is 
intended cfor use as an anaesthetic, and is required to Ikj freer from 
ald(‘hydes, ^xToxides, and methyl compounds than is /EthcT. 



CHAPTER XIX 


ALDEHYDES AND KETONES 

.Aldehydes and ketones have already been mentioned as oxidation 
products of primary and of secondary alcohols respectively. 

ALDEHYDES 

The first two members of the aldehyde series are fonnaldehyde, 
H.CHO, and acetaldehyde, OH3.CHO, formed by oxidation of 
methyl and ethyl alcohols respectively. With these two exceptions, 
the names of aldehydes are derived from those of the corresponding 
alcohols. Thus the next two members of the series are : 

CHa.CHj.CHO derived from CH3.CHj.CH2. OH. 
Propaldeliyib. Normal propyl alcohol. 

CHa.CHj.CHa.CHO derived from CH3.CH2.CH2.CH2. OH. 

Normal butaldohyde. Normal butyl alcohol. 


Formaldehyde, H . CHO 

Preparatim . — Formaldehyde is prepared by the atmospheric 
oxidation of methyl alcohol, metallic copper being used as a 
catalyst : 

CH3 . OH + O - H . CHO + HjO. 

A stream of air, saturated with the vapour from warm methyl 
alcohol, is led through a piece of combustion tubing about twelve 
inches long, containing a roll of brigjit copper gauze, and attached 
to a condenser and receiver. The combustion tube is heated until 
the gauze begins to glow, aftef which it will continue to do so with- 
out further application of heat. The liquid which collects in the 
receiver consists of formaldehyde, methyl alcohol, and water. 

Instead of copper, platinum may be used as a catalyst. This 
is readily demonstrated by holding a red-hot spiral of platinum 
wire over some warm methyl alcohol contained in a beaker. The 
wire continues to glow, and the pungent odour of formaldehyde 
can be detected. 

ProperiitB . — Formaldehyde is a colourless gas having an exceed- 
232 
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ingiy characteristic and irritating odour. It can be condensed to 
a liquid at ~21®. 

Formaldehyde is a powerful reducing agent, being readily 
oxidised, to formic acid : 

H.CH0 + 0=H.C00H. 

If a few drops of the aqueous solution ar^ added to some ammoniacal 
silver nitrate in a test tube, a silver mirror forms on the sides of the 
tube on standing. 

• From considerations of valency, the only possible constitutional 
formula for formaldehyde is 

H 



which is usually contracted to H.CHO. This formula shows clearly 
the relationship of formakh^hyde to methyl alcohol on the one hand 
and to formic acid on the other : 


: V\ ^ : 

;0:H. 

Mothyl alcohol. 


yH yOH 

Formaldehytle. Fomhc acid. 


Formalin is a 40 ix*r cent solution of the gas in water, and is the 
form in which formaldehyde is generally m(‘t with in commerce. 
Tt is neutral to indicators, possesses the charact(‘ristic pungent 
odour of the gas, and is widely employed as an antiH(q)tic and 
disinfectant. 

Tests for Formaldehyde. — (1) On ovapoAition, a(pieous solutions 
of formaldehyde leave a solid residue of paraformaldehyde, which 
sublimes on strongly heating. 

(2) Add to silver nitrate solution very dilute ammonium 
hydroxide until the brown precipitate at first formed just rodissolves, 
then add a few drops of formaldehyde solution, and warm. Metallic 
silver is deposited, either in the form of a mirror or as a black 
precipitate. 

(3) Add two or three drops of formaldehyde solution to a solution 
of about 0*1 gramme of salicylic acid in 5 mils of concentrated 
sulphuric acid. A deep red Coloration is produced. 


LIQUOR FORMALDEHYDI 

Solution of Formaldehyde 

The official solution of formaldehyde is required to contain 
36-38 grammes of formaldehyde in 100 mils. Its specific cavity 
lies between 1-079 and 1-081. It may be neutral or sligntly acid 
to litmus. o 


12 
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Tests tor Impurities. — ^To be applied to a 1-5 dilution of the liquor. 

2/ead. — Add an equal volume of alcohol and a few drops of dilute 
sulphuric acid. There should be no turbidity. 

Copper. — Add excess of ammonium hydroxide, and filter. The 
filtrate should have no blue tinge, and should not acquire a brown 
colour on acidifying with acetic acid and adding potassium ferro- 
cyanide. • 

Iron. — Add excess of dilute nitric acid, boil well, and add 
potassium forrocyanide, when there should bo no blue or green 
coloration. • 

Calcium.— kdA ammonium hydroxide and ammonium oxalate, 
when there should Ikj no precipitate. 

Chloride. — Acidify with nitric acid and add silver nitrate. There 
sjiould be no opalescence. 

Sulphate. — Acidify with hydrochloric acid and add barium 
chloride. There should be no turbidity. 

Acetone. — To 5 mils of the diluted solution add about 10 mils of 
N/10 iodine, nearly decolorise the mixture with sodium hydroxide, 
and warm. No yellow crystalline precipitate of iodoform stould be 
produced. 

Quantitative Estimation. — The estimation of this solution depends 
upon its oxidation* to formic acid in the presence of standard alkali, 
the excess of alkali being determined by titration with standard acid. 

3 mils of the solution, measured from a burette, are added to 
60 mils of N/1 sodium hydroxide solution in a 250- mils conical 
flask. About 60 mils of solution of hydrogen i)eroxide (10- volume 
strength) is added, and the mixture is heated on a water-bath until 
all evolution of oxygen has ceased, A few drops of phenolphthalein 
is then added, and the solution is titrated with N/1 sulphuric acid. 

Since the solution of hydrogen peroxide may contain free acid, 
a blank experiment is performed without the addition of the 
formaldehyde solution. The volume of N/1 acid required in the 
blank experiment may bo taken as equivalent to the effective 
volume of alkali employed in the estimation proper. The volume 
of N/1 acid required in the estimation, subtracted from this volume 
of effective alkali, gives the volume of alkali used in neutralising 
the formic acid : 

H.CHO + 0 = H.COOH, 

H . COOH -f NaOH - H . COQNa + HoO, 

NaOHsH.CHO, 

40 s So, 

1000 mils of N/1 NaOH ^ 30 grammes of H.CHO, 

1 mil of N/1 NaOHs0 030 gramme of H.CHO. 


Derivatives op Formaldehyde 

Polymm of Fonnaldoliyde. — ^Two or more molecules of formalde- 
hyde can be reac^y induced to combine together, forming compounds 
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whose molecular formulae are simple multiples of that of the parent 
substance. Such compounds are known as polymers or polymerides. 

When a solution of formaldehyde is evaporated to dryness, a white 
amorphous solid remains. This solid is formed by polymerisation 
of some of the formaldehyde, an<l consists of paraformaldehyde, 
(CH,0),. 

Metaformaldehyde, trioxymethvlcilo, ^ crystalline 

solid, and is slowly formed by spontanc<jus {Kilymerisation of liquid 
formaldehyde. 

Hexamlna. H examine. Syn. Hexamethylenetetramine. — This 
is a complex comjwund of the following const it ill ion : 


/CHo 


- --yN. 

yC\l/ \ 

■K 


/ 




Hcxainiiio. 


It is jirepared by mixing aqueous sohitiims of formaldi‘hydo and 
ammonium hydroxide, and evajxirating to dryness on a water-bath : 

6OH2O + 4NH3 + OHjO. 

Hoxaminc is a colourless, crystallint^ jiowder, readily soluble in 
water, but somewhat less soluble in alcohol. When heated, it 
sublimes at 263° without melting. It is (>asily hydrolysc^d by 
boiling dilute acids yitdding formald(‘hyde and an ammonium salt. 

Hexaminc is commonly known as “ urotr«>pino ”. 

Quantitatii'e Estimation. — Hexaminc is estimatiul by hydro- 
lysing with standard acid, when the ammonia which is producetl 
neutralises an equivalent amount of tin* acid. The excess of acid 
is then determined by titration with standard alkali. Weigh 
1 gramme, mix with 35 mils of N/1 sulphuric acid, evaporate on a 
water-bath until the odour of formaldeliyde has (lisappeared, and 
then titrate with N/1 sodium hydroxide, using m(?thyl orange as 
indicator : 

<^^H,2N4 + OH20+2H2S04 oh. ( HO i 2(NH4)2S()^, 
2H2S04^(;Hi2N\. 

«x98=l40, 

1000 mils N/1 H2S04^35 grammes of ( 

1 mil N/1 H2SO4 - 0 035 gramme of ( 6H,2N4. 

Hexaminc is required to contain not less than 08 imt cent of 


AcETALUEH VDK, ( ’H3 . ( HO 

Preparaiion.—{i) Acetaldehyde c an U* math; by strongly heating 
a dry mixture of calcium formate and calcium acetate : 
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(H.COO),(!a + (CHj.COOljCa = 2 cH 3 .CH 0 +2CaCO,. 

Calcium Calcium 

formate. acetate. 

(2) In thv laboratory it ia prepared by the oxidation of ethyl 
alcohol : 

CH 3 . CHj . OH i 0 = CHg . CHO + Ufi. 


A solution of potassium dichromato is warmed in a distillation 
flask attached to an efficient condenser, and a mixture of alcohol 
and sulphuric acid is slowly run in through a dropping funnel. 
Copsiderable heat is evolved, and acetaldehyde, together with some 
water and alcohol, distils. On account of the low boiling-point of 
the^ aldehyde, the receiver must bo cooled in ice. The distillate is 
purified by fractional distillation from a water-bath. 

Properfte 5 .-*-Acctaldehyde, often simply called aldehyde, is a 
colourless, mobile liquid, of specific gravity 0*8 and boiling-point 
21**. It has a characteristic, XJcnctrating, but not unpleasant odour, 
and is miscible with water, alcohol, and ether. • 

Like formaldehyde, it is a powerful reducing agent. Thus it 
precipitates silver from ammoniacal silver nitrate, being itself 
oxidised to acetic acid : 


CHj.OHO + O^CHa.COOH. 

Nascent hydrogen reduces it to ethyl alcohol : 

CHj . CHO + 2ft = CHj . CHj . OH . 

It is readily acted upon by phosphorus pentachloride, PCls, the 
oxygen atom being displaced by two chlorine atoms : 

CH 3 . OHO + = CH 3 . CHaa + 

Kthylideno 
' dichlorido. 


Acetaldehyde combines directly with ammonia and with sodium 
bisulphite, forming additive products : 


CH3.CHO 



/OH 

CHa.CIlC 

^NHa 

AcotaUlehydo ammonia. 


/OH 

CHg.CH; 

'SOaNa. 


, Acetaldehyde 
sodium bisulphite. 


These additive products are both colourless, crystalline substances, 
and are decomposed by boiling dilute acidi^ or alkalies with re- 
^generation of thd aldehyde. 
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Acetaldehyde also combines directly with hydrocyanic aci< 
(p. 300) to form a compound caUed a cyanohydrin : 

/OH 

CHj . CHO + HCN — . CHC 

^CN. 

^Apotaldohytio cyanoliydrin. 

Acetaldehyde reacts readily with hydroxy larnine, NlTjOH, anc 
with phenyl hydrazine, CjHa . NH . NHg (}). 344) . In hotli reactions a 
•molecule of water is eliminated, the product in the first case being 
an oxime, and in the second a phenylhydrazone : 

CH3.CHO f NH2OII : N.OH +H2O, 

Acelaldoxiinr. 

CHj.OHO+C’jHs.NH.NH, PHa.CH : N.NH.C.H, + H, 0 .' 

Ac(>taldt*hytle phony Ihydrazono. 

When warmed with a strong solution of sodium or potassium 
hydroxide, acetaldehyde is converU'd into a complex brown resin 
aldehyde resin. 

Constituiion. — By analogy with formaldcliydc, the coastitutional 
formula of acetaldehyde may be writbm 

H 

I 

H— 0 — Cl or OH,. CHO, 

I ’ 

H 

which is in agreement with its formation from ethyl alcohol and its 
conversion into acetic acid on oxidation : 

CH 3 . CHg . OH — . CHO CH 3 . COOH. 

Amongst the more important points in support of this formula are : 

(i.) By the action of phosphorus ix*ntachloride the oxygon 
atom of acetaldehyde is displaced by two atoms of chlorine, showing 
that this oxygen atom was probably joined to a carbon atom by a 
double bonj. This icaction should l>c contrasted with the action 
of phosphorus pentachloride on comj^ounds containing an — OH 
group (pp. 218, 247). 

(ii.) Acetaldehyde is m^it “ unsaturatc*d ” in the same sense as, 
for example, ethylene. It does not combine directly with halogens 
or halogen acids — a tyT)ical pro^rty of compounds containing a 
double bond between two carbon atoms. It can, however, form 
additive products under certain conditions ; thus, it can combine 
directly with nascent hydrogen, ammonia, sodium bisulphite, and 
hydrocyanic acid. These facts are readily explicable on the assump* 
tion that the molecule contains a double bond between a carbon 
and an oxygen atom. • 

The higher members of the aldehyde scries are all very similar 
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in chemical properties t<3 acotaldehy&e, since their reactions are 
mainly dependent upon the presence in the molecule of the — CHO 
group. 

Paraldehydum, Paraldehyde (C 2 H 40 ) 3 , is a polymer of acet> 
aldehyde, of the formula 



Clfa 


It Is easily prepared by adding a droj) of concentrated sulphuric 
acid to acetaldehyde, a vigorous reaction taking place immediately. 

It is a colourless liquid, of spc'cific gravity 1*(X), and boiling- 
point 123-125°, has a pleasant, characteristic ethereal odour and 
a cool, acrid taste, and is neutral to litmus. It is soluble' 1-9 in 
water, and miscible with alcohol and etluT, and has the unusual 
property of being l<‘ss s<»luble in hot wat(‘r than in cold. 

When paraldehyde is distilk^d with a little conec'ntrated sulphuric 
acid, it is rcconvert(‘d into acetaldehyde. 

C!nr.oKAL, CClg.CHO 

This innKutant compound may l)e r(*gard(‘d as derived from 
acetaldehyde by the substitution of throe* chlorine atoms for the* 
hydrogtin atoms of the methyl gi’oup, whenct* its systematic name ~ 
irichhracetaldehyde. 

Preparation, — Cliloral is' manufactun'd by passing chloiino 
through alcohol, at first in the cold, and finally at about 90°, the 
whole process occupying some two weeks. The chlorine acts both 
as an oxidising and a chlorinating agent : 

CH3 . CHj , OH f Clj - CH3 . CHO + 2 HC 1 , 
CHa.CHO+SClj - 00^3. CHO fSHCT 

The chloral, os fast os it is formed, combines with some of the 
remaining alcohol to form a crystalline additive comtK)und, chloral 
/OH 

alcoholate, CCI3.CH This comptmnd is collected and 

distilled with concentrated sulphuric acid, when chloral passes over. 
The distillate may be purified by conversion into chlorsd hydrate 
(g.v.), which is then recrj^tallised several times from water, and finally 
Stilled with concentrated sulphuric acid to yield pure chloral.^ 

^ Chlohil is also formed, togother with other products, by the chlorination 
of aqueous solutions of acetaldehyde. This is of Mterest as showing the 
relationship between chloral and acetaldehyde (see p. 201). 
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Properties . — Chloral is a colourless, oily liquid with a penetrating 
odour. Specific gravity, 1*5; boiling-point, 97®. 

In many of its chemical properties chloral resembles acet- 
aldehyde. It reduces ammoniacal silver nitrate, being itself 
oxidised to trichloracetic acid (p. 247) : 

iX\ . CHO + O = CX:i| . C’OOH. 

It combines with ammonia and with sodium bisulphite to form 
ivdditive compounds, and polymerises when treated with acids. 

When warmed with a solution of sodium or |)otassium hydroxide^, 
('hloral yields chloroform : 

( ’CI3 . CHO + KOH - CHCla + H . ( ‘OOK . 

JV)taKMiiini 

fonnato. 


CHLORAL HYDRAS 


Chloral HydraU*, ai3.CH(OH)j 


Preparation. —If a little water is added to chloral, the mixture 
solidifies, with evolution of heat, owing to the formation of the 
hydrate : 




/ 


OH 


H)H. 


The prcsluct can bt* ))urified by rccryKtallisation from water. 

Properties. — Colourless, crystalline plates, which melt at 49-53®, 
and have a characteristic odour. fSoluble more than l-l in water, 
alcohol, or ether, and 1-3 in chloroform. 

If chloral hydrate is distilled with ct>ncentrat4*d sulphuric acid, 
it yields chloral as the distillate. 

Tests for Impurities. Free Acide . — Chloral hydrate should bo 
neutral or only slightly acid to litmus. 

Non-volatile JSolids . — At a temixjrature slightly above its melting- 
point it should volatilise, leaving no residue. 

Readily Carboniaahle Orripnic Impurities . — A solution in chloro- 
form, shaken with concentrated sulphuric acid, should impart no 
colour to the acid. * 

Chloral Alcoholate . — Warm about 1 gramme with 6 mils of 
2 per cent sodium hydroxide solution, in order to decompose any 
alcoholate present. Filter, and test for alcohol in the filtrate by 
adding sufficient iodine solution to impart a deep brown colour, 
and setting aside for an hour. No precipitate of iodoform, should 
be produced. • 

Chloride . — ^Test the aqueous solution with silver nitrate, when 
there 8ho\ild be no precipitate. 
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Chloral Formamldum. Chloral Formamide. Syn, Chloral- 
amide, CCl8.CH(OH).NH.CHO. — ^This is prepared by the direct 
combination of chloral and formamide (p. 246) : 

.OH 

CClj . CHO + H . CO . NH» - CCI, . 

. \nh.cho. 


Butyl-Chloral Hydras, Butyl Chloral Hydrate, CH3.CHCI.CCI2. 
CH(0H)2. — The parent substance, butyl chloral, CHg.CHCi. 
CClj.CHO, is ])repared by the prolonged action of chlorine on 
acetaldehyde. 'J’he rcaitiion is complex, and probably takes place 
in the following stagers : 

(JHa . CH 0 + (^2 - CHjCl . CHO + HCl, 

CH3. Clio +CH2CI. CHO -CHa.CHtCd.CHO + H-O, 

CH3 . CH : VU . (J HO + CI2 - CH3 . CHCl . ( . CHO. 

Butyl chloral is an oil boiling at 164^, and from it the hydrate is 
prepared by addition of wat(‘r. 

Butyl-chloral hydrates forms colourless, |K*arly-white crystals, 
melting at 78®, and has a pungent odour. It is sparingly soluble 
in waUir, readily in alcohol, forming neutral solutions. 


KETONES 


Ketones are formed by oxidation of secondary alcohols (p. 225), 

and resemble aldehydes in containing the carbonyl group, ^C -= 0, 

only in this case the group is attached to two alkyl radicles. Ketones 
are, in general, named according to the alkyl radicles in the mole- 
cule ; for example : 


CH3\ 

c.h/ 


CO 


Methyl ethyl ketone. 




;CO 

c,h/ 

Diethyl ketone. 


It is only necessary. to describe in detail one ketone, namely, 
dimethyl ketone or acetone, whiph is the lowest and most important 
member of the series. The higher ketones closely resemble acetone 
in chemical properties, and can be prepared by similar methods. 


Aostonb, Dimbthylkbtone, CH3.CO.CH3 

Preparation, — (1) Acetone can bo made by oxidising isopropyl 
alcohol Mrith chromic acid : 

'VriH-jjCH . OH + O - (CHalgCO + H3O. 
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(2) A more convenient method is by heating calcium or barium 
acetate in a flask or tube of hard glass : ^ 

(CH3 . COO)3Ca = (CHjIjCO + GaCOj. 

The condensed vaiKJurs are redistilled from a water-bath, and 
the impure acetone thus obtained is slyiken with a strong solution 
of sodium bisulphite. The crystals of aceton*' sodium bisulphite 
which separate are filtered off, freed from fnotluT liquor, and distilled 
with a solution of sodium carbonate. The distillate, which consists 
of pure aqueous acetone, is dried over calcium chloridi* and distilled. 

(3) Acetone is one of the products of thc^ destructive distillation 
of wood. The liquor remaining after separating the methyl alcohol 
as its calcium chloride compound (p. 210) is an aqueous solution 
of crude acetont', from which pure ac(‘tone can b(» isolated by a 
method similar to that described above. 

Properties. — Acetone is a colourless, mobile, volatile liquid, with 
a iieculiar tarry odour. Its 8]XH*ilic gravity is 0*795, it boils at 
50-57®, and is miscible with water, alcohol, and ether. 

In chemical protX‘rtics acetone resembles the aldehydes in the 
following respects : 

It is readily reduced by na.scent hydrogen, J^ielding th(? corro- 
stx)nding alcohol : 

(GH3)2CO-h2H -((^13)3011. OH 

Isopropyl alcohol. 

It combines directly with sodium bisulphib^ and with hydrocyanic 
acid : 

/OH 

(CH3)3C0 f NaHSO.,— ^((^113)30/ 

^ S03Na 

, A<‘etonf* KodiuTM hisulphito. 

/OH 

(CH,),CO + H(:N->(('H,),(!( 

\(JN 

Acotonc* cyanohydrin. 

It reacts with hydroxylamine and with phi*nyl hydrazine, giving 
an oxime and a phenylhydrazone respectively : 

(CHaljCO + NHjOH - (CHjljC; : N . OH f HjO 

Dimethyl ketoxime. 


(CH,),C0 + CjH, . NH . NH, = (CH,),C : N . NH . C.H, + H.O 

Acetone phenylhydrazone. 

It is important to notice that the calcium salts of acetic and higher fatty 
acids (p. 243) if heated i.ilono yield ketones, but when heated with calcium 
formate they yield aldehydes. • 
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Acetone differs from aldehydes in the follo^i^ing respects : 

It is not a reducing agent, and can only be oxidised with difficulty, 
the molecule being broken up. 

It does not combine with ammonia. 

It does not resinify when warmed with sodium or potassium 
hydroxide. , 

It does not polymerise. 

In the presence of certain dehydrating agents, two or more 
molecules of acetone combine with elimination of water. Thfls, 
when acetone is distill(‘d with fairly concentrated sulphuric acid, it 
ifc converted into the? hydrocarbon mesitylene (p. 331) : 

. 3(CH3)aCO = CeH3(CH8)3 + SH^O. 

Moaitylono. 

Changes of this type, in which two or more molecules become 
joined together with elimination of water, are known as condensation 
reactions. Condensation must Ih) carefully distinguished from 
iwlymerisation, in which no waU‘r is eliminated. 

Tests for Acetone. — (1) It can be recognised by its (‘haracteristic 
odour. The boiling-point affords confirmation of identity, althougli 
it is apt to be somewhat variable, except in the case of very pure 
samples. 

(2) Add a few drops to a solution of sodium hydroxide, then add 
a crystal of iodine, and warm. A yellow precipitate of iodoform is 
produced, recognisable by its charact(‘ristic odour. 

(3) Shake well with an equal volume of a cold, nearly saturated 
solution of sodium bisulphite. A heavy, white, crystalline jire- 
cipitate of acetone sodium bisulphite separates out. 


ACETONUM 

Acetone 

The official substance has a spc‘cific gravity of 0*795-0 *798. Not 
less than 95 per cent should distil between 55 and 57°. 

Tests for Impurities. Solids . — It should leave no residue when 
evaporated on a water-bath. 

Water (Limit of ). — It should yield a*clear mixture, with an equal 
volume of petroleum spirit. t 

Free Acids (Limit of ). — 10 mils, to which a few drops of phenol- 
phthalein have been added, should require not more than 10 drops 
of lUlO sodium hydroxide to produce a permanent pink coloration. 

Readily Oxidisable Impurities (Limit of ). — 20 mils should not 
completely decolorise 0*1 mil of N/10 potassium permanganate 
within fi{t^n minutes. 



THK MONOBASIC CARBOXYLIC ACIDS AND THKIR DERTVATIVKS 


THK FAITY ACIDS 


The so-called fatty acids ” form a homologous series, each meml> 
consisting of an alkyl radicle attached to the “ carboxyl ” groii 


/OH, 

-L\ or—COOH. 

'^0 


The fatty acids are th(‘ linal i)roduct8 of tl 


oxidation of the primary alcohols, the aldehydes lK‘ing intermediai 
produ(‘ts in this process. The nanu^s of the acids are general) 
derived from those of the corresj)onding aldehydes, the first fi\ 
members of the series lx‘ing : 


Formic acid 
Acetic acid 
Propionic acid . 
Butyric acid 
Iso-butyric acid . 


H.COOH. 

(JH3.COOH. 

CH3.CH2.OOOH. 

CHg.CHa.CHa.C^OOH. 

(CH3)2CH.C00H. 


The name “ fatty acid ” was first applied to this series of compound 
on account of the fact that certain of the higher memlx‘rs, notabl, 
stearic and palmitic acids (p. 262), are important ermstituents (j 
animal fats. 


Formic Acid, H.COOH 

Formic acid is secreted in considerable (jfuantities by ants, am 
is also said to occur in nettles and other stinging plants. The acic 
was formerly obtained by cri&hing ants with water and distilUn| 
the aqueous extract. t 

Preparation. — (1) Formic acid is produced by the oxidation o; 
methyl alcohol or formaldehyde by atmospheric oxygen in presence 
of platinum black as catalyst. This provides a method by which 
formic acid can be synthesised. 

CH3.OH — >-H.CHO — ^H.COOH. 

(2) Another synthetic method is by heating potassium hydroxide 
in an atmosphere of carbon monoxide. In this way potassium 

243 
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formate is produced, from which the free acid can be liberated bv 
the action of dilute sulphuric acid ; 


KOH+CO=H.COOK. 

Potassium 

formate. 

(3) Formic acid is produced when hydrocyanic acid is hydrolysed 
(by heating it in a scaled tube with a dilute mineral acid) : 

HCN + 2 HjO +Ha =H.COOH +NH4CI. 

(4) Formic acid is produced, in small quantities, when oxalic 
. acid IS heated : 

(COOH), = H . COOH + COj. 

• Oxalic acid. 


In the laboratory, formic acid can l)o conveniently prepared by 
heating crystalline oxalic acid, with twice its weight of glycerin, 
at 10()°-110°, in a retort to wliich a Liebig’s condenser is attached! 
^ aqueous solution, containing about 50 per cent of formic acid, 
totils over. When the reaction slackens, a further quantity of 
formic acid can bo obtained by allowing the retort to cool somewhat, 
^ further quantity of oxalic acid, and again heating to 

lUU “110 « 

The reaction takes place in several stages. First, the glycerin, 
which is a compound of the alcohol tyjie containing three — OH 
^oups, reacts with some of the oxalic acid to form an ester — 
glyceryl mono -oxalate, or monoxalin. At the tem|)erature employed 
this ester decomposes into carbon dioxide and glyceryl mono- 
formate, or monoformin. The monoformin then reacts with more 
oxalic acid to produce monoxalin and formic acid : 


CHa.OH 

COOH 

C^H.OH 

1 

^ (ioOH 

OHa.OH 

Glycerin 

Oxalic acid. 


OHg.O.CO.COOH 
— >CH.OH +H2O. 

Ah,. OH 

Monoxalin. 


CH,.O.CO.COOH 

('jH.OH 

in.-OH 


CHj.O.CHO 

illF.OH 


Monoxalin. 


Monoformin. 


fCOj. 


CHj.O.CHO 
in. OH 

in,. OH 

Monoformin. 


COOH CHj.O.CO.COOH 
ioOH— xIjH.OH +H.COOH. 

(!;h,.0Ho 

Oxalic acid. Monoxalin. Formic acid. 
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• 

The laat two reactions then proceed in a continuous cycle, so 
that a snndl quantity of glycerin can bring about the conversion 
of a relatively large quantity of oxalic acid into formic acid. 

The aqueous formic acid obtained in this way is treated with 
excess of litharge, heated to boiling, and filtered. The filtrate is 
concentrated and allowed to cool, when lead formatt* is deposited 
in colourless cr 3 r 8 tals : 

2H . COOH + PbO = (H . COO)2X"b + H,0. 

The Crystals are collected, dried, and heated in a current of hydrogen 
sulphide, when anhydrous formic acid is obtained : 

(H . COOaPb + HjS = 2H . COOH + PbS. 

Properties . — Formic acid is a colourless liquid with a vi‘ry 
pungent odour resembling that of sulphur dioxide. Its Hjiccilic 
gravity is 1*22, and it boils at 101°. If allowed to come into contact 
with the skin it causes blisters. 

Formic acid turns blue litmus red, and dissolves metallic oxides 
and carbonates \vith formation of salts (the formatt's), and in this 
way it resembles a weak mineral acid. 

Unlike any other member of the fatty acid series, formic acid 
is a powerful reducing agent, being n^adily oxiJised to carbon 
dioxide and water : 

H.COOH+O-HaO \ CO^. 

Thus it reduces ammoniacal silver nitraU‘ on warming, with forma- 
tion of a silver mirror. This peculiar behaviour is due to th(? fact 
that its molecule still contains the aldehydes grou[), — CHO. 

Formic acid is decomposed by warm concentrated sulj)huric 
acid into carbon monoxide and water : 


H.COOH-CO f IV). 

Constitution.- -From considerations of vak*ncy, formic acid must 
be represented by one of the following constitutional formulae : 


H 

H 


^(/i 

/Ki 


H— I 


\ 


O— H 
O 


(I,) (H.) 

Now formic acid is a inonobji.sic acid, since only f)ne of its hydrogen 
atoms can he displaced by a metal. This shows that the two 
hydrogen atoms are in different states of combination. Further, it 
is a powerful reducing agent, and probably contains the aldehyde 
group, — CHO. Both these facts point to Formula II. as being 
correct, and this is generally accepted. 

Salts of Formic Acid . — The formates are prepared by the action 
of the acid on metallic carbonates, oxides, or hydroxides, the* metal 
displacing the hydrogen of the — OH group. Most of them are 
readily soluble in water ; sodium formate, H . COONa, and potassium 
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formate, H.COOK, are deliquescent. Ammonium formate, on 
heating, yields formamide, a compound used in the preparation of 
Chloral Formamidum (p. 240) : 

H . COONH4 = H . CO . NHj + H2O . 

Ammonium Formamide. 
format^. 

Acetic Acid, CH3.COOH 

• 

Preparation. —( 1 ) Acetic acid can be made by oxidising ethyl 
‘ alcohol or acetaldehyde by means of air or oxygen, in the presence 
of platinum black as a catalyst : 

Clfg . CHj . OH + O - CHg . CHO + H^O, 

‘CH3 . CHO + 0 = CH3 . COOH. 

The oxidation can also be brought about by a living organism, 
Mycdderma aceti, which is present in the atmosphere, and on this 
fact depends the preparation of vinegar from alcoholic li4uors. 

Malt vinegar is a brownish liquid containing about 5 per cent 
of acetic acid. It can be prepared by simply exposing beer to the 
air for several *days, but in practice a little of the organism, in 
the form of “ mother of vinegar ”, is added to accelerate the 
process. Ordinary vinegar is mostly prepared from poor French or 
German wines by exposing to air in vats in the presence of the 
organism. 

( 2 ) Potassium acetate is formed when potassium methoxide is 
heated in an atmosphere of carbon monoxide : 

CHg . OK + CO - CH3 . COOK. 

( 3 ) Acetic acid is formed when methyl cyanide is hydrolysed by 
boiling with a dilute mineral acid : 

CH3 . CN + 2 HaO + HCl = CH3 . COOH + NH4a. 

Methyl 

cyanide. 

This is an example of an important general reaction, since all alkyl 
cyanides, on hydrolysis, are converted into the corresponding 
carboxylic acids. 

( 4 ) Acetic acid is manufactured /rom the ” pyroligneous acid ” 
obtained by the destructive ^ distillation of wo^. The “ fixing ” 
of the acetic acid by milk of lime has already been descried 
(p. 216 ). The liquid is separated from tarry matter, evaporated to 
dryness, and the dry calcium acetate thus obtained is distilled with 
concentrated sulphuric acid : 

(CH 3 , COO),Ca + H,S 04 = 2CHa . COOH + CaS 04 . 

The distillate is a strong solution of fairly pure acetic acid. The 
pure anhydrous acid, ” glacial ” acetic a^id, is obtained from this 
by neutral tsing with sodium carbonate, crystallising out the sodium 
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acetate formed, heating to exjj^l water of 'crystallisation, and dis- 
tilling with concentrated sulphuric acid. 

Properties. — When absolutely pure and free from water, acetic 
acid is a colourless, crystalline solid, melting at 16 *6°, and boiling 
at 1 18°. The crj^tals are very hygroscopic, and liquefy on exposure 
to moist air. Tno acid has a sour taste and a very pungent odour, 
and blisters the skin. It mixes witlf water and alcohol in all 
proportions. 

In chemical properties acetic acid behaves like a weak mineral 
acid. It is acid to litmus and to phenol phthtdein, and reacts with 
metallic oxides, hydroxides, and carbonates with formation of salts, 
but, unlike formic acid, it has no reducing properties. * 

When chlorine is passed into boiling acetic acid a mixture of 
the following three compounds is produced, the proportion of caclf 
dcjK'nding upon the duration of the “ chlorination ” : 

MonO‘chloracetic acid . . . CH^n.COOH. 

Di-chloracetic acid . . . CHClg.COOH. 

Tri chloracetic acid . . . CCJg.COOH. 

The cliloracetic acids are strong acids. Th(‘ mono- and tri- com- 
pounds are solids, but the di- is a liquid. Tri-cbloracetic acid is 
usually made by oxidising chloral (p. 238). 

ConaiitxUion . — The formation of acetic acid from ethyl alcohol 
is apparently analogous to the preparation of formic acid from 
methyl alcohol. This suggests that acetic acid has the formula 
/OH 

(/Hg.C^ , as will bo seen if the two reactions are written in 

the following way : 

H.CHj.OH — >H.C0()I1, 

CHj.CHj.OH — >CH^AVOH. 

The same conclusion is arrived at if we compare the formation of 
formic acid from hydrocyanic acid with that of acetic acid from 
methyl cyanide : 

H.CN — )^H.CO()H, 

CHa . ON— ^CHa . COOH . 

The chemical properties of ac<jtic acid confirm these views, and the 
following facts may be mentioned in support of the ac(x>ptc*d con- 
stitutional formula : * 

(i.) Acetic acid is monobasic. Only one of its hydrogen atoms 
can be displaced by a metal, showing that this hydrogen atom is 
in a ^erent state of combination from the other three. 

(ii.) By the action of phosphorus pcntachloride on acetic acid 
(p. 260) the oxygen atom and one hydrogen atom are together dis- 
placed by one atom of chlorine, thus showing that the molecule 
contains the univalent —OH group (compare p. 218). 

(ill.) Three hydrogen atoms of acetic acid can bo successively 
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displaced by chlorino atoms the direct action of chlorine gas, 
with formation of mono-, di-, and tri-chloracetic acids. This 
suggests that these three hydrogen atoms are directly attached to 
carbon, as in the cose of the hydrogen atoms of methane. 

Sails of Acetic Acid . — ^The acetates are crystalline solids, most 
of them bc‘ing readily soluble in water. Potassium acetate, 
CHg.COOK, is deliquescent. Ammonium acetate yields acetamide 
(p. 251) when it is heated : 

CHg . COONH4 = CH3 . CO . NH2 + H jO. 

Ariimonium Acetamide. 

, acetate. 

Sodium and lead acetates both crystallise with three molecules of 
water. A solution of lead acetate (sugar of lead) reacts with litharge 
to form lead subacetato (p. 171). Verdigris is a basic acetate of 
copner, (Cl I3 . CO())2Cu,Cu(OH )2. 

The following acetates are official, and have been previously 
described : 

Liquor Ammonii Acetatis (p. 95). 

Plumbi Acetas, Pb(C2H302)2»3H20 (p. 170). 

Liquor Plumbi Subacetatis Fortis (p. 171). 

Potassii Acetas, KC2H3O2 (p. 66). 

Zinci Acetas, Zn(C2H302)2>2Ha0 (p. 119). 

Tests for Acetates. — (1) Heat with dilute or strong sulphmic 
acid, when the pungent odour of acetic acid will bo detected. 
No charring takes place. 

(2) Warm with concentrak'd sulphuric acid and a little alcohol. 
Ethyl acetate is formed, which may bo recognised by its pleasant, 
fruity odour. 

(3) Add to a neutral solution of an acetate a few drops of ferric 
chloride solution. The liquid turns deep red, owing to the forma- 
tion of ferric acetate in solution, and, on boiling, a brown, flocculent 
precipitate of basic ferric acetate is produced. 


ACIDUM ACETICUM 

Acetic Acid, CH3.COOH. (Mol. Wt. =60) 

This is required to contain 33 per jjent by weight of CH3.COOH 
and 67 per cent by weight of water. Specific gravity 1 *044. 

Tests for Impurities. Noft-vokUile Solids . — It should leave no 
residue on evaporation. 

Copper . — ^Dilute and add potassium ferrocyanide, when there 
should be no brown coloration. 

Lead . — ^When tested by the limit test (p. 173), using 10 grammes 
in each Nessler gloss, no difference in colour should be observed on 
addins 4he solution of sodium sulphide to one of the solutions. 

Swphate and Sulphite . — Add dilute hydrochloric acid and barium 
chloride, when there should be no turbidity (absence of sulphate). 
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Filter, if necessary, and add l^romine water to the filtrate, when 
there should be no further turbidity (absence of sulphite). 

Chloride , — ^Add nitric acid and silver nitrate, when there should 
be no opalescence. 

Nitrate , — ^Apply the brown ring test (p. 36). 

Formate . — Neutralise exactly with ammonium hydroxide, add 
silver nitrate, and warm. There should* bo no immediate darkening 
in colour. 

Tarry Matter (Limit of ). — ^To 2 mils add a mixture of 1 drop of 
1 {)er cent potassium permanganate solution and 10 mils of water. 
The liquid should not.oe decolorised within half a minute. 

Arsenic Limit . — 2 parts per million (p. 176). 

Quantitative Estimation. — ^It is estimated by neutralisation with 
standard sodium hydroxide. Weigh about 3 grammes in a stopperefi 
weighing bottle, and dilute to 100 mils. Titrate portions of 20 mils 
with N/10 sodium hydroxide, using phenolphthalein as indicator : 

NaOH +CH3.COOH -CHa.COONa + H 2 O, 

' 40 s 60, 

1000 mils of N/1 NaOH s 60 grammes of CHj.COOH, 

1 rail N/10 NaOH s 0-0060 gramme of CHg.COOH. 

• 

Acidum Aceticum Diiutum. Dilnted Acetic Acid . — This contains 
6 per cent by weight of acetic acid, and can bo made by diluting 
152-6 grammes of Acidum Aceticum to 1000 mils with distilled 
water. Its specific gravity is 1-007. 

Tests for Impurities . — It should 1 k< fnc from the impurities 
nientioned under Acidum Aceticum. 

Quantitative Estimation . — Weigh 10 grammes, dilute to 100 mils, 
and titrate portions of 20 mils with N/10 sodium hydroxide, as 
described under Acidum Aceticum. 


ACIDUM ACETICUM GLACIALE 

Gloi-ial Acetic Acid 

This is required to contain n<»t less than 98-9 per cent of 
(^Hj.COOH. 

Properties. — ^At summer tt*mperaturcs it is a colourless liquid, 
but in cold weather it solidyies, partially or completely, to a mass 
of colourless crystals. It should not complet(*ly liquefy again until 
the temperature rises above 14-7'*. It should bo noted that the 
specific gravity is not given in the Pharrimcopceia, as this is no 
criterion of strength. The specific gravity of glacial acetic acid is 
1 -068. It increases on addition of water until the mixture contains 
only 77 per cent of acid, reaching at this jKjint a maximum of 
1*076. It then begins to decrease with dilution, so that a 46 per 
cent solution of the acid has the same specific gravity as the glacial. 
This peculiar behaviour is attributed to the formation of a hydrate, 
CH3.C00H,H,0. 
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Tests for Impurities. — The tests )or impurities are as described 
under Acidum Aceticum, with the following exceptions : 

Limit of Tarry Master . — 2 mils should not completely decolorise 
a mixture of 3 drops of 1 per cent potassium permanganate solution 
and 10 mils of water within half a minute. 

A rscmc.— Should be absent when tested for by Fleitmann’s 
Test (p. 143). 

Quantitative Estimation. — ^Weigh 5 grammes, ailute to 100 mils, 
and titrate portions of 20 mils with N/1 sodium hydroxide, as 
doBcrilKjd under Acidum Aceticum. 


Derivatives op Acetic Acid 


» Most carboxylic acids can bo converted into a number of 
derivatives W changes in which the — COOH group takes part. 
Thus the — OH can bo displaced by a chlorine atom, yielding a 
compound containing the group — COCl, and called an acid chloride ; 
two molecules of the acid can be made to condense together with 
elimination of a molecule of water, and formation of a compound 


containing the group 


—CO\^ 

--co/ 


0 called an anhydride ; also the acid 


can bo converted into an amide containing the group — CO.NHj. 
Important derivatives of these types can bo prepared from acetic 
acid, and will now be described. They are typical compounds of 
their respective classes, and their methods of formation and pro- 
perties are characteristic of those of acid chloride.s, anhydrides, and 
amides in general. 

Acetyl chloride, CH3.COCI, is prepared by slowly adding 
phosphorus tri- or penta-chloridc to anhydrous acetic acid : 


CPa.COOH + PClg -CHg.COa + POCI3 + HCl. 


The product is distilled from a water-bath. 

Acetyl chloride is a colourless liquid with a very pungent smell, 
boiling at 55®, It fumes strongly in moist air, and is rapidly 
decomposed by water, even in the cold, to form acetic and hydro- 
chloric acids : 

CHs.COa + HaO-CHj.COOH +HC1. 

Acetyl chloride reacts with most orgatfic compounds containing the 
— OH group in a similar way, ^nd it is therefore widely employed 
for introducing the acetyl group, CH 3 .CO — , into such compounds ; 
for example : 

CH3.COa+CH,.CH3.CH,.OH=CH3.CO.O.CH,.CH,.CH3 + HCl. 

Propyl alcohol. Propyl acetate. 

Acetic Anhydride, (CHj.COljO. — ^This compound can be pre- 
pared b^ the action of acetyl chloride on dry so^um acetate : 

CHj.COONa + CH 3 .COa = +l^a,Ci. 
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It is a colourless liquid, boiling at 136°, and has a pungent, irritating 
odriur. If added to cold water it sinks to the bottom as a heavy 
oil, but, on standing, the two bqiiids slowly react to form acetic 
acid : 

(CHa.C 0),0 + H ,0 =2CH3.COOH. 

This reaction takes place rapidly if acetiq anhydride is boiled with 
water. 

Acetic anhydride, like acetyl cliloride, can bo used for introducing 
the acetyl group into compounds containing the hydroxyl grouj). 

Acetamide, CH3.CO.NHj, is formed when dry ammonia gas acts 
on acetyl chloride or acetic mihydride ; for example : 

CH3 . COCl + NH3 = CH3 . CO . NHj + HCI. 

This is another example of the use of ac(*tyl chloride and acetic* 
anhydride in introducing the acetyl group into compounds. 

Acetamide can also bo made by shaking ethyl acetate with 
strong ammonia solution : 

CH3 . COOCjHg + NH3 - CH3 . CO . N Hj + CjHft . OH. 

In the laboratory it is prepared by heating ammonium acetate : 
CH3 . COONH4 = CH3 . CO . NHj + Hjd 

Solid ammonium acetate is distilled from a distillation flask, using 
as an air condenscir a wide glass tulxi with no watcT-jacket. That 
part of the distillate passing over above about 170° solidifies in the 
receiver, and consists of impure acetamide. It is best purified by 
fractional distillation. 

Acetamide forms small, colourless, needle -like crystals. Melting- 
IKiint, 82° ; boiling-point, 222°. As ordinarily obtained it has a 
strong smell of mice, but this is due to impurity. 

Acetamide is readily hydrolysed by boiling it for some minutes 
with a solution of an alkali or a dilute mineral acid, acetic acid and 
ammonia being formed : 

CH3 . CO . NHj + HjO = CH3 . COOH NH3. 

In the actual process, of course, either the acetic acid or the ammonia 
is produced in the form of a salt, according, to whether an alkali or 
an acid is used to effect the hydrolysis. 

Acetamide loses a molecuk? of water when heated with phos- 
phorus pentoxide, methyl cyanide b^ng formed : 

CH3 . CO . NH, - CH3 . CN + HjO. 


Higher Fatty Acids 

Propionic acid, CH 3 .CHj.COOH, can be prepared by oxidising 
propyl alcohol or propaldehydo with acidified potassium dichromate : 
CHj.CHj.CHj^OH + O -CHj.CHj.CHO + HjO, 
CHj.CHj.CHO + O-CHj.CHj.COOH. . 
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It is a colourless liquid, boiling at 141 °. It has a pungent odour, 
is miscible with water, and closely resembles acetic acid in chemical 
properties. 

Butyric Acids. — ^Thero are two acids of the formula C8H7.COOH, 
namely : 

CHj.CHj.CHj.CQPH . . Normal butyric acid. 

(CHajjCH.COOH . . . Isobutyric acid. 

Normal butyric acid occurs in coasiderable quantities, combined 
with glycerin, in butter fat. It can be prepared by adding a little 
decaying cheese to a dilute solution of a sugar, and keeping the 
mixture in a warm place. Bacteria present in the cheese bring 
about the fermentation of the sugar, with formation of butyric acid. 
During the process the liquid must be kept neutral, or nearly so, 
by the addition of successive small quantities of calcium carbonate, 
since the action of the bacteria is inhibited by the presence of much 
free butyric acid. The butyric acid is tjius obtained in the form of 
its calcium salt, and from this the free acid can bo liberated. In 
modern processes of manufacture pure cultures of butyric acid 
bacteria are used in place of decaying cheese. 

Butyric acid is a sour, viscous liquid, with a very disa^eeable 
odour resembling that of rancid butter, and is miscible with water 
in all proportions. Some of its esters are plcasant-smelUng liquids, 
and are used as artificial flavourings. 

Valerianic AeWs.— -The acids of the foriimla C4H9.COOH, of 
which there are four, are known as valerianic or valeric acids. By 
oxidation of commercial amyl alcohol (p. 220) with potassium 
dichromate and dilute sulphuric acid a product is obtained which 
consists chiefly of isovalerianic acid^ together with smaller quantities 
of optically active valerianic acid and other fatty acids : 

CH3V CHsv 

;CH . CHj . CHj . OH— ^ )CH . CHj . COOH 

CH3/ cu/ 

Iso-amyl alcohol. Isovalerianic acid. 

CHgN. CH3V 

)CH . CH, . OH— > ;CH . COOH 

CH3.CH,/ CH3.CH/ 

Optically active amyl alcohol. t^ptically active valerianic acid. 

This mixture constitutes commercial isovalerianic acid, and is 
used in the preparation of zinc valerianate (p 120). 

The volatile oil of valerian root and rhizome contains esters 
which are gradually decomposed, on keeping, by an enzyme present 
with formation of isovalerianic acid. 

Palmltlo acid, CjjHj^.COOH, and stearic acid, C17H83.COOH, 
are important members of the fatty acid series, and, in combination 
with glycerin, they form the most impo^^t constituents of fats 
(p. 274 ). The free acids are colourless, waxy, translucent solids. 
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melting at 62® and 69® respectively. They are insoluble in water, 
but readily soluble in alcohol and ether. 

It shoidd be noted that the acidic properties of members of the 
fatty acid series decrease with rise in molecular weight from formic 
acid upwards. Palmitic and stearic acids, being very high members, 
are neutral to litmus, and have very feeble acidic properties ; they 
do, however, dissolve in aqueous sodium ‘or pota^ium hydroxide, 
with formation of soluble alkali salts or soaps (p. 277). 

A mixture of palmitic and stearic acids, obtained from fats, is 
used^n the manufacture of candles. 


HYDROXY-MONOCARBOXYLIC ACIDS 

These are derived from the fatty acids by displacement of a 
hydrogen atom of the alkyl radicle by the group — OH. They form 
a homologous scries, of which the lirst mcnibcr is gly collie acid, 
or hydroxy -acetic acid, CH 2 (OH) . COOH. 

Two hydroxy-acids may bo derived from propionic acid, 
CHj.CHj.COOH, according as to which carbon atom of the alkyl 
group the substituent — OH group is attached. To differentiate 
between these compounds, the alkyl carbon atoms ii> propionic acid 
are distinguished by Greek letters, the lettering commencing with 
the carbon atom directly attached to the — COOH group.^ Thus ; 

/y a 

OH3.CH2.COOH. 

The two hydroxy-propionic acids are : Ijdctic oceV/, or «-hydroxy- 
propionic acid, CH 3 .CH(OH).COOH ; Hydracrylic acid, or /i- 
hydroxv-propionic acid, CHjfOHl.CHj.COOH. Of these, lactic 
acid is by far the more important. 

Lactic Acid, CH3.CH(0H).(^00H 

Preparation. — (1) It can lx* synthesised from propionic acid by 
acting upon it with bromine, and then hydrolysing the a-bromo- 
propionic acid obtained by boiling with dilute alkalies : 

CHa . CH, . COOH— >CH3 . CH Br . COOH — ^CHj . CH(OH) . COOH. 

(2) Lactic acid is present in^sour milk, Ix^ing produced by the 
fermentation of the milk sugar by various micro-organisms which 
pin access from the atmosphere. It is manufactured by the 
lermentotion of solutions of glucose by Bacillus acidi lactici, which 
is originally isolated as a pure culture from sour milk. The 
temperature of the fermenting liquid is kept at 45-55®. As the 
fermentation proceeds, the liquid is kept nearly neutral by the 
Mldition of successive small quantities of calcium carbonate, since 
the action of the bacillus is inhibited in strongly acid solution.* 

^ See alflo p. 267. 
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After several days the process of fermentation is complete. 
The liquid, which contains calcium lactate, is heated to boiling, 
filtered, and treated with sulphuric acid to precipitate the calcium 
as sulphate : 


[CHa.CH(OH).COO],Ca + H 2 SO 4 = 2CH8.CH(0H).C00H +CaS 04 . 

The calcium sulphate is 'filtered off, and the filtrate evaporated to 
a syrup. 

Properties . — Commercial lactic acid is a sour, viscous liquid, but 
the pure compound forms crystalline masses, melting at 18^, and 
boiling at 120° with decomposition. It is miscible with water in 
all proportions. 

As well as being a carboxylic acid, lactic acid is a secondary 

alcohol (p. 225), since its molecule contains the group ^CH.OH. 

On oxidation it yields a compound which is both an acid and a 
ketone : 


OH 


CH3 

in. 
ioOH 

Lactic acid. 


CH3 

io 

Aooh 

Pyruvic acid. 


CaUii Ladas f [CH3.CH(OH).COO]2Ca,5HaO, is officia], and has 
• been previously described (p. 106). 


Lactides and Lactones. — ^When lactic acid is heated, two molecules 
condense together, with elimination of water, to form an ester-like 
compoxmd called Iodide. The reaction takes place in two stages : 


CHa.Ctt 


HO 


/COOH 
\0H HO.Co/ 




ch.ch. 


»CH,.CH: 




COOH 


H0\ 
\o Cq/ 

Lactyl-lactic acid. 


CH.CHa + HjO 


CHj.CH 


/ 


/COOH 


HO\ 

\o cq/ 


ce.ch. 


y/CO 0\ 

- CH 3 . 


Lactide. 

The tendency to lose one or more molecules of water on heating is 
a oharaoteristio not only of lactic acid but of hydroxy-carboxylic 
acids in general. The nature of the reaction in the case of any 
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particular acid is dependent upon the relative positions of the — OH 
— COOH groups in the molecule, and the following general 
rules may be stated : 

( 1 ) In the case of a-hydroxy-acids, two molecules of the acid 
generally condense together, with elimination of two molecules of 
water and formation of lactidcs. Lactic acid is a typical example. 

( 2 ) / 1 -hydroxy-acids lose a molecule bf water from one molecule 
of the acid, with formation of an unsaturated acid ; for example ; 

CH,(OH) . CH* . COOH - CH» : CH . COOH + Ufi. 

Hydracrylio aoid. Acrylic acid. 

(3) In the case of y- and 5-hydroxy-ac‘ids, the — OH and — COOH* 
groups of one molecule of the acid generally condense together, with 
elimination of a molecule of water and formation of comjwundS 
called Uictonea \ for example : 

/ 0 \ 

^ y , 

OH 3 .CH(OH).CHj.CH,.COOH -CH,.CH<^ ^ ^CO +H,0. 

7-Hydroxy -valorianic aoid. CH 2 CH 2 

7-ValeroJactono. 

Both lactides and lactones arc similar in chemical properties to 
the esters. They are neutral substances, and an^ insoluble in cold 
dilute alkalies. When boiled with alkalies they undergo hydrolysis, 
mih formation of the alkali salt of the hydroxy -acid ; for example : 

/CO— 0\ 

CH 3 . CH:; ;CH . CH 3 + 2NaOH 2 CH 3 . CH(OH) . COONa 

\o~-co^ 

Lactide. Sodium lactato. 


ACIDUM LACTICUM 

Lactic Acid 

This is an aqueous solution, and is required to contain not less 
than 76 per cent by weight of lactic acid, CjHjOg, and not less than 
10 per cent by weight of lactide, C 3 HJO 4 . 

Properties. — A colourless, s^^py, hygroscopic liquid, acid to litmus. 
Miscible in all proportions wuth welter, alcohol (90 per cent), and 
ether ; almost insoluble in chloroform. Specific gravity about 1*21. 

When warmed with potassium permanganate it undergoes oxida- 
tion, yielding an odour of aldehyde. 

Tests for Impurities. Copper. — ^Dilute, add excess of ammonium 
hydroxide, and filter. The filtrate should have no blue tinge, and, 
on acidification with acetic acid and addition of potassium ferro- 
cyanide, should not acquire a brown colour. * 

Iron . — ^Dilute well, ^and add dilute nitric acid followed by 
potassium ferrocyanide. ^ There should be no blue or green colour. 
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Sulphate. — Dilute, acidify with hydrochloric acid, and ad< 
barium chloride, when there should be no turbidity. 

Chloride. — Dilute, acidify with dilute nitric acid, and add silver 
nitrate, when there should be no opalescence. 

Ph^phate, Tartrale, Citrate, and Oxalaie. — Dilute, add excess 
of lime water, and boil for two minutes. There should be no 
precipitate. Phospliato afid oxalate, if present, will be precipi- 
tated at once in the cold, tartrate on standing, and citrate only 
on boiling. 

Sarco -lactic Acid (p. 293). — Dilute, and add copper sulphate, 
when there should be no precipitate. 

• Various Sugars. — Dilute, add excess of Fehling’s solution, and 
boil for ten minutes. There should not be more than the slightest 
•I)rocipitate of cuprous oxide. 

Glycerin . — Add excess of zinc carbonate, evaporate to dryness, 
cool, and extract with absolute alcohol. The alcoholic solution, 
filtered and evaporated, should leave no sweet residue. This test 
depends upon the insolubility of zinc lactate in alcohol. 

Fatty AcuU . — When gently warmed it should yield no rancid 
odour. 

0am, SuyarSf Mannile, and Calcium PJwsphate . — Add the acid, 
drop by drop, to twice its volume of ether, when there should be no 
turbidity, permanent or transient. 

Malic and Sulphuric Acids . — Dilute and add Lic^uor Plumbi 
Subacetatis, when there should be no precipitate. 

Readily Garhonisable Organic Impurities . — (carefully pour the 
acid u^)n an equal volume of concentrated sulphuric acid, when 
there should be little or no darkening in colour. 

Leml Limit . — 10 parts per million (p. 173). 

Arsenic Limit . — 5 parts per million (p. 176). 

Quantitative Estimation. — ^The free lactic acid is first estimated 
by titration with standard sodium hydroxide. The lactide is then 
determined by adding a known excess of standard sodium hydroxide, 
boiling until hydrolysis is complete, and back- titrating with standard 
acid. 

Weigh about 10 grammes, dilute to 100 mils, and titrate portions 
of 20 mils with N/1 sodium hydroxide, using phenolphth^ein as 
indicator : 

NaOH +CH3.CH(0H).C00H =Ca3.CH(OH).COONa + H3O, 
NaCHsC3He03, 

40s90. 

1000 mils of 'Nil NaOH s 90 grammes of C3H3O3, 

1 mil N/1 NaOH s 0*090 gramme of C3H3O3. 

To the neutral liquid obtained in each titration add 20 mils of 
N/1 sodiiun hydroxide, emd boil for fifteen minutes in order to 
hydrolyse all the lactide. Titrate the liquid thus obtained with 
N/1 sulphuric acid. The number of mils of acid required, sub- 
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tracted from 20, gives the number of mils of N/1 sodium hydroxide 
used in hydrolysing the lactide : 


2NaOH + CHa.CH; 


/CO— 

\o-Co/ 


CH . CH, = 2CHj . CH(OH) . COONa, 


2 Na 0 Ha.C,H, 04 , 

2x40sl44, 

1000 mils N/1 NaOH = 72 grammes of CjHg 04 , 

1 mil N/1 NaOH = 0*072 gramme of CgH804. 


UNSATURATED MONOCARBOX YLIC ACIDS 


Acrylic acid, CHa : CH . COOH, is formed wlien hydracrylic acid^ 
is distilled : 


CHa(OH) . CHa • COOH = CHj : CH . COOH + HjO. 

It can also be prepared by heating jt?-bromo-propionic acid with 
alcoholic f)otash : 

CHaBr . CHa • COOH + KOH - CH* : CH . COOH + KBr + HjO, 
or by cautiously oxidising allyl alcohol (p. 282) : 

CHa : CH . CHa . OH + 20 - CHg : CH . COOH + Hfi. 

Acrylic acid is a pungent-smelling liquid, and is a fairly strong 
monobasic acid. In addition it has the usual projKTties of an un- 
saturated compound. It is very easily oxidised, and can combine 
directly with nascent hydrogen and with the halogens : 


CHa 




CH.COOH 



^CH 3. Cl la. COOH 

Propionic acid. 

-^(;H,Br.CHBr,COOH 


a;^*]_>ibromo-pro(>ionic acid. 


Acldum Olelcum, Oleic Acid, Ci^Hsa.COOH, is a high member of 
the series of unsaturated acids, of which acrylic is the lowest. It is 
derived theoretically from stearic acid by removal of two hydrogen 
atoms from adjacent carbon atoms in the centre of the chain, its 
full structural formula being : 

CH . CHa . CHa . CHa . CH, . CH, . CH a . CHa . CH3 

II 

CH.CH,.CH,.CH,.CHa.CHa.CH,.CHa.COOH. 

In combination with glycerin, oleic acid is the main constituent of 
many fatty vegetable oils, from which it can be obtained by hydro- 
lysis with boil^ dilute alkalies or superheated steam. 

When pure, meic acid is a colourless oil, which solidities on cooling 
to a solid melting at 14®. It is insoluble in water. On expdsure to 
air it gradually becomes straw-coloured, and develops a rancid 
odour. 


K 
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It resembles stearic acid, in that its acidic properties are very 
feeble ; it dissolves in alkalies, with formation of salts, but when pure 
it is neutral to litmus. 

Being an unsaturated compound, oleic acid rapidly decolorises 
a cold alkaline solution of potassium permanganate, and combines 
directly with bromine to fom an additive product, C| 7 H 33 Br| . COOH. 
On reduction, oleic acid is converted into stearic acid : 

C^Haa.COOH +2H ^CjeHaft.COOH. 

Linolio acid, Cj^Hai.COOH, and a-UnolenIc aold, C^Haa.COOH, 
^are unsaturated acids which occur, in combination with glycerin, 
in the so-called ** drying oils such as Oleum Lini (p. 276). linolic 
acid contains two doume bon^, and a-linolenic acia contains three. 
Tile free acids and their glycerides readily undergo oxidation on 
exposure to air, with formation of hard, amorphous, glassy solids, 
and it is to this fact that drying oils owe their peculiar properties. 



CHAPTER XXI 

THE ESTERS, OR ETHEREAL SALTS 

Ethyl Acetate, Acetic Ether, CHS.COOC2H5 

Ethyl acetate is an example of a purely organic ester (compare 
p. 217). 

Preparation, — (1) Ethyl acetate is formed when acetyl chloride 
or acetic anhydride acts on ethyl alcohol : 

CH3.COCI +C2H5.OH = CH3.C00C2H3 f HCl, 

(CH3 . 00)30 f 2C3H3 . OH = 2CH3 . COOC2H5 HjO. 

(2) It is prepared by the interaction of alcohol and glacial acetic 
acid, in the presence of concentrated sulphuric acid as a dehydrating 
agent : 

CH3 . COOH + CjHj . OH - CH3 . (v’OOCjHj + H,0. 

A mixture of alcohol (50 mils) and concentrated sulphuric acid 
(50 mils) is heated to 140'^ in a halfditre distillation flask connected 
to a condenser and receiver, and a mixture of alcohol (100 mils) and 
glacial acetic acid (100 mils) is added drop by drop through a 
dropping funnel. The distillate is well shaken in a separating 
funnel with about half its Tolumo of strong sodium carbonate 
solution, to remove acetic acid and alcf>hoI. The ethereal layer is 
then dried over calcium chloride, and juirifled by fractional dis- 
tillation from a water-bath. 

Properties . — Ethyl acetate is a colourless, mobile liquid, with a 
pleasant, fruity odour. Specific gravity, 0*9 ; boiling-point, 77®. 
It is soluble about I-ll in water, and is miscible with alcohol, ether, 
and chloroform, the solutions b«ing neutral to indicators. 

When ethyl acetate is boiled with water under a reflux con- 
denser, it slowly undergoes hydrolysis : 

CHj.COOCtHj + H,0 =CH,.COOH + C,H3.0H. 

The hydrol^is takes place much more rapidly if a dilute solution 
of an alkau, such as sodium hydroxide or sodium carbonate, is 
employed : 

CHj.COOCtHs + NaOH -CHj.COONa +C3H,.0H. 

In the latter case the products of hydrolysis can be separated by 

259 
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first rTiaiilling off the alcohol and then evaporating the remaining 
solution of sodium acetate to dryness, and recovering the acetic acid 
from the solid residue by distillation with concentrated sulphuric acid. 


iETHER ACETiCUS 

Acetic Ether 

This is required to contain not less than 90 per cent of ethyl 
acetate, CH, . COOC^Hg . Specific gravity, 0 -900-0 -907 . • 

Tests for Impurities. Free Acid. — It should not immediately 

* redden moistened blue litmus paper. 

Esters derived from Fusel Oil. — A few drops allowed to evaporate 

• from filter-paper should leave no extraneous odour. 

Readily Carbonisable Organic Impurities. — When carefully 
poured upon concentrated sulphuric acid, no dark ring should be 
formed at the junction of the liquids within fifteen minutes. 

Quantitative Estimation. — It is estimated by hydrplysis with 
standard sodium hydroxide, the excess of alkali being then deter- 
mined by titration with standard sulphuric acid. In order to avoid 
taking any free acid present into account, the liquid is neutralised 
prior to hydrolysis. Weigh about 5 grammes in a stoppered weigh- 
ing bottle, transfer to a flask, and make up to 100 mils with water. 
Neutralise a portion of 10 mils with N/1 sodium hydroxide, using 
phenolphthaloin as indicator ; add 20 mils of N/1 sodium hydroxide, 
set aside for five minutes, rotating occasionally, dilute with water, 
and titrate back with N/1 sulphuric acid. The number of mils of 
. acid required, subtracted from 20, gives the volume of alkali required 
to effect the hydrolysis : 

NaOH + CHg . CXIOCaHg = CH3 . COONa + CaH^ . OH, 

40 = 88 

1000 mils N/1 NaOH = 88 grammes of CHg.COOCaHg, 

1 mil N/1 NaOH = 0-088 gramme of CHj.COOCaHg. 

Ethyl Nitrite, CjHg.NOa 

Preparation. — Ethyl nitrite is prepared by the action of nitrous 
acid on alcohol : 

CjHg . OH + HNOa = GjHg . NO, + H,0. 

For the laboratory preparation the following procedure will 
be found satisfactory : 7 mils of concentrated sulphuric acid is 
cautiously added to 40 mils of alcohol in about 75 mils of water, 
and the mixture is placed in a fiask, well cooled in ice. A solution 
of 34*5 grammes of sodium nitrite in 120 mils of water is slowly run 
in, with constant stirring. The ethyl nitrite separates out as a 
layer* floating on the surface. It is separated, freed from traces of 
alcohol by washing with a little water, jind dHed over anhydrous 
potassium carbonate. 
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Properties , — Ethyl nitrite is a colourless, mobile liquid, with a 

g leasant, ethereal odour. BoUing-}X)int, lO-S-lT-S** ; specific gravity, 
•90. It is slightly soluble in water, and miscible with alcohol. 

It can be readily hydrolysed by adding it drop by drop to boiling 
dilute sodium hydroxide ; 

CjH* . NO, + NaOH - CaH, . OH + NaNO,. 

Ethyl nitrite is neutral to indicators when freshly prepared and 
pipe, but, if moist, is liable to undergo decomposition on keeping, 
with* liberation of nitrous acid. It can be preserved fairly satis* 
factorily if mixed with excess of dry alcohol and a little glycerin. 

Liquor Ethyl Nltrltls, Solution of Ethyl Nitritet consists of 
2*6-3 per cent by weight of ethyl nitrite dissolved in a mixture of 
95 parts by volume of absolute alcohol and 5 parts by volume ol 
glycerin. It is a nearly colourless liquid, of sjKH'ific gravity 0’823- 
0*826, and has the characteristic odour of the ester. The percentage 
of ethyl nitrite in the solution .can be estimated by means of 
nitrometer^ exactly as described under Spiritus iEtheris Nitrosi. 


SPIRITUS ^THERIS NITROSI • 

Spirit of Nitrous Ether. Syn. Sweet Spirit of Nitre 

This is an alcoholic solution containing between 1*52 and 2*66 
per cent by weight of ethyl nitrite, together with small amounts of 
aldehyde, nitrous acid, and other substances produced by secondary 
reactions during manufacture or due to dccomjwsition on keeping. 

Preparation. — Sulphuric acid, alcohol, and nitric acid are placed 
in a retort together with copper turnings. The mixture is then 
distilled at a temjK*rature between IT and 80°, as shown by a 
thermometer dipping into the liquid. If the temperature is allowed 
to exceed 82° the reaction is liable to becomes somewhat violent, and 
an excessive amount of aldehyde is c‘volvcd : for this reason a sand- 
bath is a more suitable source of heat on the small scale than a 
water-bath, as the temperature is more easily controlled. 

The distillate, after condensation, is passed into a vessel con- 
taining alcohol, and when the volume of liquid in the receiver has 
increased to a certain amount, a further quantity of nitric acid is 
added to the contents of the report. The addition of the whole of 
the acid at first would make the reaction difficult to control and 
increase the quantity of aldehyde formed, whereas the later addition 
has a beneficial effect on the yield of ethyl nitrite. It is essential 
that the receiver be immersed in ice-cold water or much of the 
nitrite will be lost by volatilisation, since it boils at 17°. 

When the liquid in the receiver has further increased to a definite 
volume, distillation is discontinued, and the spirit obtained is assays 
prior to adjustment to such a volume with alcohol as will produce 
a solution of ethyl nitrite #f the required strength. 

In considering what reactions occur it must first be hoticed that 
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the reeidue in the retort contaim cop^r sulphate crystab and 
unchanged copper. Now it is known wat sulphuric acid of the 
strength contained in the retort has little action upon copper under 
ordinary circumstances, so that it must be assumed that copper 
nitrate is first formed : 

2HNaj + Cu =Cu(NO,), + 2fi. 

The sulphuric acid then acts upon the nitrate with production of 
nitric acid and copper sulphate : 

H ^04 + Cu(N 08 )a = CUSO 4 + 2 HN 08 . 

The nascent hydrogen shown in the first equation never appears as 
the free gas, but reduces some of the nitric acid to nitrous acid : 

HNO3 + 2ft = H ,0 + HNO*. 

and the nitrous acid then reacts with the alcohol to produce the 
ester, ethyl nitrite, which distils over : ^ 

HNOa + C2H5 . OH - CjHs . NO^ + HjO. 

Numerous »9condary reactions occur with formation of aldehyde 
and small quantities of other substances, but these reactions arc 
not of such importance as to claim attention here. 

Quantitative Estimation. — ^The Pharmacopoeia says : “ 1 volume 
shaken briskly at intervals during five minutes in a brine -charged 
nitrometer with 1 volume of ^tassium iodide solution and 1 volume 
of diluted sulphuric acid yields at 16 *6® and normal pressure not 
less than 4 or more than 7 volumes of nitric oxide gas, corresponding 
to not less than 1*62 or more than 2*66 parts by weight of ethyl 
nitrite in 100 parts by weight of the spirit ”. The reactions which 
occur hero are as follows : Sulphuric acid liberates hydriodic acid 
from the potassium iodide : 

KI-i-H*S 04 = KHS 04 + HI, 

and the hydriodic acid reacts with the ethyl nitrite with liberation 

of nitric oxide gas : 

2C8H4 . NOj + 2 HI == 2C8H4 . OH + 1 j + 2 NO. 

BApreBenting the whole in one equation, in its simplest form, we 
have : • 

Kl+C,ft^.N0,+H^0,=C^i.01i+TO0^-v'&0-vl. 

For an example in working, say 1 volume of the spirit when 
assayed according to pharmacopceial directions 3delded 6 volumes 
of mtnc oxide gas. To what x^ercentage of ethyl nitrite in the spirit 
does ^his correspond 1 

The molecular weight of C^5.NO*«76. 
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The gram-molecule of any gas at N.T.P. » 22*32 litres in volume. 
22320 mils of NO are yielded by 75 grammes of CtH 5 .NOs 

at N.T.P. 

ooo^ 

or X =23580 mils at 15*5^^ and N.P. 

If the samploL under examination yielded 6 volumes of NO for each 
volume of spirit taken, then 

23580 mils NO are yielded by 75 grammes of CjH 5 . NOa 
• ‘ 75 6 

23580 ^ 1 

=0*019 gramme in each mil of spirit 

But we require percentage weight in weight. Say that thd 
specific gravity of sample is 0*840 : 

1 mil of spirit contains 

1 gftimme „ „ 

100 grammes „ „ 

In carrying out this estimation 
is about 5 mils. 

Note . — Spirit of nitrous ether should be stored in a cool dark 
place, as it quickly decomposes in sunlight, and in small bottles in 
(jrder that the spirit may be quickly used once the bottle has been 
opened. Loss of strength occurs from volatilisation and hydrolysis 
owing to the waU*r present, the solution quickly becoming acid. 

CjHj . NO, + H,0 — . OH + HNO,. 

For this reason the Pharmacopoeia specifii^s that it shall effervesce 
not at all, or but slightly, with sodium bicarbonate solution. 

It wll be seen that the Liquor Ethyl Nitritis, which contains 
practically no water, is thus a better preparation, though it is much 

less commonly used. 


0*019 gramme of CjHj.NO,. 

0*019 

0*840 

0*019 100 ^ , 

X = 2*2(iper cent wjw, 

a suitable quantity of spirit to use 


AMYL NITRIS 

Amyl Nil^te 

This is prepared from amylic alcohol which has distilled 
between 128^ and 132'’. It consists cliiefly of iso-amyl nitrite. 
(CH.),CH.CH,.CH,.NO„ together with small quantities of other 
alkyl nitrites. 

Preparation. — 35 mils of amyl alcohol is mixed with 30 grammes 
of solid sodium nitrite in a large flask, and well cooled in To 
the mixture 10 mils of concentrated sulphuric add is slowly added, 
drop by drop, with ooil&tant shaking. The amyl ipinte. which 



zo4 TEXT-BOOK OP PHARMACEUTICAL CHEMTSTBY 

separates out as a la^er on top, is washed with a little water, dried 
over cuihydrous calcium chloride, and distilled, the portion dis- 
tUling between 95° and 100° being collected. 

Properties. — ^Amyl nitrite is a pale yellow volatile liquid with a 
penetrating, fraj^ant odour. S^cific gravity, 0*870-0*880. At 
least 90- per cent of it should distil below 100°^ 'It is almost insoluble 
in water, but is miscible v4th alcohol. ^ 

Test for Stren^h. — The Pharmacopoeia requires that a mixture 
of 6 volumes, with sufficient alcohol (90 per cent) to form 100 
volumes, shall 3 deld a liquid of which a portion tested in a nitrometer, 
as described under Spiritua iEtheris Nitrosi, yields not less than 
7*9 times its volume of nitric oxide gas. In practice, 3 mils of the 
alcoholic solution should be employed. 

Ethyl Nitrate, CjHg.NOg 

This compound cannot bo conveniently prepared by the action 
of nitric acid alone on alcohol. If concentrated nitric acid be added 
to alcohol in tlwi cold, a violent and almost uncontrollable reaction 
rapidly sets in, torrents of brown fumes being evolved. Even if the 
mixture is kepticarefully cooled, the nitric acid oxidises part of the 
alcohol, being itself reduced to nitrous acid, which then reacts with 
more alcohol, yielding ethyl nitrite. 

Ethyl nitrate is prepared by slowly adding alcohol to con- 
centrated nitric acid containing a little urea (p. 311), and then 
cautiously distilling the mixture : 

CaHj . OH + HNO 3 - C 2 H 5 . NO 3 + If 2 O. 

The effect of the urea is to decompose any nitrous acid as soon as it 
is formed : 

COfNHjla + 2HNO2 - CO2 + 2N2 + 3H2O. 

Urea. 

Ethyl nitrate is a colourless liquid with a fruity odour, boiling 
at 87°. It is sparingly soluble in waUT, and is rapidly hydrolysed 
by boiling dilute alkalies. * 

Ethyl Hydrogen Sulphate, C2H5.HSO4 

This has been mentioned as an intermediate product in the pre- 
paration of ether and of ethjflene. It can be made by heating a 
mixture of alcohol and concentrated sulphmic acid on a water-bath' : 

CjHj.OH -hH 2 S 04 -C 2 H 4 .HS 04 -i-H 20 , 

The product is poured into water and neutralised with barium 
carbonate. The ethyl hydrogen sulphate is converted into its 
soluble barium salt, and any tree sulphuric acid is precipitated as 
barium sulphate. After filtration the solution is treated with dilute 
sulphuric acidi drop by drop, until no furfner precipitate forms. In 



THE ESTERS, OR ETHEREAL SALTS 26S^ 

this wa^ the ethjHI barium sulphate is converted into ethyl hydrogen 
sulphate and barium sulphate : 

Ba(C,H5 . SO4), + H^04 = 2C,H5 . HSO4 + BaS04. 

The liquid is again filtered, and the clear solution of ethyl hydrogen 
sulphate evaporated to a syrup. 

Ethyl hydrogen sulphate is a sour, viscous liquid, misoiblo with 
water. It is strongly acid in reaction, and dissolves metallic oxides, 
hydroxides, and carbonates forming crystalline salts, such as ethyl 
potassium sulphate, O2H5.KSO4, and ethyl barium sulphato, 
Ba^CjHs. 804)2- 

Ethyl Acetoacetate, CH3 . CO . CH, . C() 0C2^^6 

This ester is prepared by heating ethyl accdate with stnlium, and 
then treating the product with excess of dilutee hytlrochloric acid. 
The reaction can lx* n»presentc‘d as a simple condensation of two 
molecules of ethyl acxdate, with elimination of a molecule of alcohol : 

+ HX'Hj.COOCjH, 

-- C’H 3 . ( 'O . ( 'H , . ( 'OOC'jHs + ( ',H , . OH . 

In reality the changes which take place are much* more complex. 

Ethyl acetoacetate is a colourless, pleasant - smelling liquid, 
which boils at 182®. 

Cnder the influence; of certain reagents, (*thyl acetoacetate 
behaves as if it had the structure CHg.C(OH) : OH.COOOjHj. 
Thus, when treated with sodium, it is converUnl into a sodium 
derivative of the formula CH3.('(()Na) : CH.C0002W6* 
sodium derivative reacts with alkyl halides, thus : 

CH3 . C^(ONa) : CH , 00002^6 + H • Cl 

-C^H3.C(()H) : CH.COOC2H5 +NaCl, 
CHj.ClOR) : CH.C00C2H5 = CH3.C0.CH(R).C00C2H5, 

so that the final product is an alkyl ‘ derivative of ethyl acetoacetate. 
These alkyl derivatives undergo two interesting reactions. If boiled 
with "dilute aqueous or alcoholic [potassium hydroxide they are con- 
verted into ketones (“ ketonic hydrolysis : 

CH3 . CO . CH(R) . COOC2H3 + 2KOH 

. - (;H3 :h2R + Kji xjg + CjHg . oh. 

If boiled with concentrated alcoholic jK»tash, they yield carboxylic 
acids (“ acid hydrolysis ”) : 

CH, . CO . CH(R) . COOC2H5 + 2KOH 

= CH3 . COOK + R . CHj . COOK + CjH, . OH. 

Acid 

(an potaHKium salt). , 

> In the equations, R represents any one alkyl group. 

• • KZ 
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Ethyl acetoacetate is therefore a very important synthetic feagent, 
since^ from its various alkyl derivatives, various ketones and 
carboxylic acids can be prepared. 

Phenazonum^ Phenazone, sometimes known as antipyrin ”, 
is an important synthetia dnig prepared from ethyl acetoacetate, 
and is a derivative of pyrazolone : 


• /NH-~NH 

'^"Ch-Ao 

Pyrazolone. • 

Phenazone is prepared by heating ethyl aeetoacetatc with phenyl- 
hydrazine (p. 344), and then treating the product with methyl 
iodide : 

' yOH 

CHa— C^ -fNHa.NH.CaHa 

CH — COOC 2 H 5 Phonylhydrazine. 

Ethyl acetoacetate. 

/NH-N-CaHa 

^CHa— + CjHa . OH + HjO 


1 -Pheiiyl-3-mothylpyrazolono. 


CHa-~C: 






\cH— io 


/N(CH3)-N-C,H5 
►CHj-CC I +HI. 

^CH CO 

Phenazone. 


Phenazone is a crystalline powder melting at 11 1®- 113°. It is 
readily soluble in water and in alcohol, forming neutral solutions. 
With nitrous acid it gives a brilliant green colour, owing to the 
formation of iso-nitroso-phenazone. 



CHAPTER XXII 

HALOGEN COMPOUNDS 

Nomenclature of Halogen Compounds. — A monohalogen derivative 
of a paraffin can be named in either of two ways. If it is regarded 
as a substitution product of the hydrocarbon, the name of the 
halogen is put first ; if, on the other hand, it is regarded as an 
additive pr^uct of an alkyl radicle, then the name of the halogen 
is put last. Thus the compound CHgl'l may be called either chloro- 
me thane or methyl chloride. 

A similar rule applies in the case of other halogen compounds, 
as the following examples show : 

CHaClj . . . Dichloromethane, or methylene dichloride. 

CHjBr.CHaBr . . S 3 mimetrical dibrorao-ethane, or ethylene 

dibromide. 

CHj.CHBr, . . Unsymmetrical dibromo -ethane, or ethy- 

lidene di bromide. 

CHBr ; CHBr . , Symmetrical dibromo-ethylcno, or acetylene 

dibromide. 

In the case of halogen compounds containing long carbon chains, 
numbers or Greek letters are often used to indicate the carbon atoms 
to which the halogen atoms are attached. The numbering or 
lettering of the carbon atoms begins at one end of the longest carbon 
chain. Examples of this system are ; 

a /S 7 

CH3.CHI.CH8 . 

1 2 3 4 

CHjBr.CHj.CHBr.CHj 

i 2 3 .CH 3 

CHj.CHCl.CH^^ 4 6.. 2-Chloro-3-methyl-pentane. 

^CHj.CH, 

The position of halogen atoms in halogen-substituted carboxylic 
acids is indicated by Gi€ek letters, the lettering conunencing with 

267 


. /i-Io<lo - propane (iso - propyl 
iodide). 

. 1-, 3-Dibromo-butane. 
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the carbon atom directly attached to the -COOH group. For 
example : 

P a 

CH3.CHBr.COOH . . . tt-bromo-propionic acid. 

P a 

CHjBr.CHj.COOH . . ^-bromo-propionic acid. 

These few remarks on the naming of halogen substitution 
products also apply, in many cases, to substituent atoms or groups 
other than halogens. 

'iHE alkyl Halides 

From a theon^tical point of view, the alkyl halides are very 
important compounds. They can be prepared : 

1. By the action of chlorine or bromine on a paraffin hydro- 
carbon, a method of only theoretical interest. For example : 

CH4 + CI2-CH3CI + HCI. 

2. By the addition of a halogen acid to an olefine, another 
method not often employed in practice : 

‘CHg : CHa + HBr^CHa.CHaBr. 

3. By the action of an anhydrous halogen acid on an alcohol 
(esterification) : 

CH3,0H + HCUCH3C1 t-HgO. 

4. By the action of a halide of phosphorus on an alcohol : 

C3H3 . OH + PCI3 = C3H3CI + Ha + POGI3, 

3C3H3 . OH + POCI3 = SCjHsOl + H3PO4, 

3C3H3 . OH + PCI3 = 3C3H5a + H3PO3. 

An application of this method is used in the laboratory for preparing 
alkyl Wmidcs and iodides, and consists in boiling an alcohol with 
bromine or iodine in the presence of red phosphorus. Tribromide 
or tri-iodide of phosphorus is first formed, and this then reacts with 
the alcohol as above. 

The alkyl halides arc colourless, heavy, volatile liquids, with the 
exception of methyl and ethyl chlorides, which are gases at ordinary 
temperatures. They are all insoluble or sparingly soluble in water. 

Chemically, the alkyl halides are best regarded as esters of the 

3 n acids. Thus when bbiled with water or with aqueous 
e they undergo hydrolysis : 

C3H5I + H ,0 = CjHj . OH + HI. 

Boiling alcoholic potash, however, converts them into olefines : 

. CjHjI + KOH = C,H4 -h KI + H, 0 . 

Ethyl Chloridum, Ethyl CMoride, is the only official 

alkyl halide. , It is generally prepaid b) passing dry hydrogen 



HALOGEN COMPOUNDS 269 

• • 

chloride gas into absolute alcohol containing anhydrous zinc chloride 
(Groves’ process) : 

C,Hj . OH + HCl - CjHjCl + H,0. 

The object of the zinc chloride is to take up the water formed, and 
so prevent the reaction from proceeding in the reverse direction. 

Ethyl chloride is a colourless gas at •ordinary temperatures and 
pressures, but can be condensed to a volatile liquid, jailing at 12*’. 
Its specific gravity is 0 •92*0 *96 at 0*’. It htis a pleasant ethereal 
odcAir, is sparingly soluble in watiT, but miscible with alcohol and 
ether, and burns with a smoky flame. 


Dihalogen Derivatives of the Paraffins 


Ethylene diohloride, CH^Cl.CH^Cl, and ethylene dibromido, 

CH2Br.CH2Br, are heavy, colourless, oily, volatile liquids, prepared 
by the direct combination of ethylene with chlorine or bromine. 
!^iling t^coholic jK)tash converts them into acetylene : 

CHjBr.CHjBr 4 2K0H -CH CH + 2KBr +2H2O. 


When hydrolysed with dilute aqueous alkalies they yi(‘ld glycol : 
CHjCl . CHjCl f 2HaO - CHa(OH) . + 2H(^1. 

Glycol. 

Glycol is a colourless, syrupy liquid. Sincx* it contains two —OH 
groups, it is known os a di-hydric alcohol, and in chemical pro])ertie8 
it closely resembles the ordinary monohyilric alcohols. On oxidation 
it yields a number of products, one of them being oxalic acid (p. 284) : 


CHa.OH COOH 

1 +40 = 1 

CHj.OH COOH 


2H2O. 


Glycol. Oxolic 

acid. 


Ethylidene diohloride, CHj.CHClj, is isomeric with ethylene 
dichloride. It can bo made by the action of phosphorus penta- 
chloride on acetaldehyde : 

CHs . CHO + pa* = CH3 . CHCi, + poa j. 


Chloroform, CHCI3 

Preparation. — (1) Chloroform can be built up from its elements, 
since it is one of the products of the action of chlorine on methane : 

CH4+3a,«CHa,+3Ha. 

(2) Very pure chloroform is obtained when chloral os chloral 
hydrate is warmed withjaqueous sodium hydroxide : 

OQj.CHO +NaOH «CHa, +H.COONa. 
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(3) Chloroform is generally prepared by the action of bleaching 
powder on aqueous alcohol or industrial spirit. 

For the laboratory preparation the apparatus consists of a two- 
litre round-bottomed nask supported on a tripod and gauze, and 
connected by means of a bent tube to a condenser and receiver. 
Fresh bleaching powder (1(^ grammes) is ground into a thin paste 
with water (200 mils) in a large mortar and poured into the nask, 
any of the mixture adhering to the mortar being rinsed into the 
flask with a further quantity of water (200 mils). Alcohol (60 mils) 
is then added, and the flask is cautiously heated, the heating b^ing 
discontinued as soon as the somewhat vigorous reaction begins. 
*The liquid continues to boil and froth without further application 
of heat, and chloroform, together with water and a little alcohol, 
distils. When the reaction has subsided the contents of the flask 
are gently boiled until a little of the distillate, collected separately, 
is free from oily drops of chloroform. 

The distillate is poured into a separating funnel, and the heavy 
layer of chloroform is run off, washed with an equal volume of 
water, separated again, dried over a few small lumps of anhydrous 
calcium emoride, and finally distilled from a water-bath. 

The reactions' which occur during the preparation of chloroform 
by this method afe complex. The bleaching powder probably acts 
first as an oxidising agent, converting the alcohol into acetaldehyde : 

CjHj.OH +Ca(OCl)Cl =CH3.CHO + HjO +CaCl,. 

The aldehyde is then chlorinated by more of the bleaching powder 
yielding cMoral : 

CH, , CHO + 3a, = ca, . CHO -h 3HC1. 

Finally, the chloral is decomposed by the calcium hydroxide present 
in the bleaching powder, yielding chloroform : 

2CCI3 . CHO + Ca(OH), = 2CHCI3 + (H . COO)3Ca. 

Calcium formate. 

(4) Instead of alcohol, acetone can be used in the above prepara- 
tion. The acetone is first chlorinated by the bleaching powder, 
yielding tri-chloracetone, and this compound is then decomposed 
by the calcium hydroxide present, giving chloroform : 

(CH3),C0 +3a,-CH3.CO.CCL + 3HC1, 
2CH3.CO.Ca3 + Ca(OH^, =2CHa3 -H (CH3.COO),Ca. 

Calcium acetate. 

Properties , — Chloroform is a colourless, heavy, volatile liquid, 
having a pleasant smell and a sweet, pungent taste. Specific 
gravity, 1*5 ; boiling-point, 61°. It is not easily inflammable, but 
can be made to bum with a green-edged flame. 

Boilijig alcoholic potash decomposes chloroform, with production 
of potassium formate and potassium chloride : 

CHa, +4KOH -.H.COOK +3Ka +2H,0. 
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When a drop of chloroform is warmed with a drop of aniline 
and a little aqueous or alcoholic potash, a disgusting smeU of 
phenyl carbylamine or phenyl isocyanide will noticed : 

CHClj + CeH, . NH, + 3K0H = C,H, . NC + 3Ka + 3H,0, 

Phenyl 

carbylamino. 

This is known as the “ carbylamine reaction and is a very delicate 
testtfor chloroform. 


CHLOROFORMUM 

Chloroform 

This consists of pure chloroform to which 2 jx'r cent of absolute 
alcohol has been added. Ordinary chloroform is slowly oxidised 
by air, e^cially under the influenco of sunlight, with formation of 
highly pdisonous carbonyl chloride (phosgene gas) : 

2CHCI3 + 0, = 2C0C1, + 2HC1 

Carbonyl 

chloriclo. 

The alcohol is added in order to decompose any carbonyl chloride as 
soon as it is formed : 

COCI3 + 2C2H5 . OH - C0(0 . + 2HC1. 

Ethyl 

carbonate. 

Chloroform should be kept in a well-stoppiTcd bottle, and in a 
cool dark place. 

Tests for Impurities. — Non-wlatile Matter. It should eva|X)rate 
without residue. 

Volatile Organic Impurities. — It should not begin to boil 
below 60°. 

Fusel Oil and Tarry Matter.— Allow 10 mils to evaporate from 
a large piece of filter-paper plawd on a warm plate. No foreign 
odour shquld bo perceptible at any stage of the evaporation. 

Free Acid. — Water, shaken with half its volume of chloroform 
for five minutes and then separated •should be neutral to litmus. 

Free Chlorine and CKlonde . — ^A portion of the aqueous layer 
from the last test should give no blue colour on addition of a 
solution of cadmium iodide and starch mucilage (absence of free 
chlorine). Another poi^ion should yield not more than a very 
slight opalescence on addition of silver nitrate (al>Hence of chloride). 

Readily Carbonisabk Organic Impurities and Extraneous Organic 
Chlorine Compounds . — After shaki^ concentrated sulphuric add 
with twice its volume ci chloroform for five minutes, and setting 
aside for fif^n minutes, both the acid and the chloroform should 
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be nearly colourleBS. 2 mils taken from the sulphuric acid layer 
and diluted with 6 mils of water should remain very nearly colour- 
less, and have a pleasant odour. When this acid liquid is further 
diluted with 10 mils of water and stirred with a glass rod, it should 
be transparent and colourless, and the addition of a few drops of 
silver nitrate solution shpuld cause not more than a slightly 
^minished transparency. Water, which has been shaken with half 
its volume of chloroform, previously treated with sulphuric acid as 
described above, should yield not more than a slightly diniinisjied 
transparency on addition of silver nitrate. 


lODOFORMUM 

Iodoform, CHI 3 

Preparation. — (1) Iodoform is generally prepared by the action 
of sodium hypoiodite (or of iodine dissolved in sodium hydroxide or 
carbonate) on ethyl alcohol. The reactions which take place are 
probably analogous to those which occur during the preparation of 
chloroform from Jaleaching powder and alcohol. 

To a solution of sodium carbonate crystals (10 grammes) in water 
(60 mils) 3 mils bf alcohol are added. The solution is heated to 
about 70°, and iodine (6 grammes) is slowly added, with constant 
stirring. The liquid is cooled, and the precipitated iodoform is 
filtered off and purified by recrystallisation from dilute alcohol. 

(2) Instead of ethyl alcohol, acetone or certain other ketones 
can bo used in the above preparation. Methyl alcohol, it should 
be noted, cannot be used, and this provides a method by which 
methyl alcohol can be distinguished from ethyl. 

Properties. — Iodoform is generally met with in small, glistening, 
pale yellow hexagonal plates, having a very characteristic and 
persistent odour. It melts at 120°, sublimes readily, and is volatile 
m steam. It is almost insoluble in cold water, sparingly in alcohol, 
and readily in chloroform and ether. 

Tests lor Impurities. Non-volatile Solids . — On ignition it should 
leave no appreciable ash. 

Soluble Colouring Matters and Picric Acid . — Shake 1 gramme 
with 10 mils of water, and filter. The filtrate should have no 
yellow tinge and no bitter taste. ^ 

Iodide . — ^The filtrate from tlie last test, acidified with nitric acid, 
should yield no opalescence with silver nitrate. 

Carbon Tstrachlorids, CCI4 

Carbon tetrachloride is the final product of the action of chlorine 
on metll^ane. It is manufactured by the action of chlorine on carbon 
disulphide, a trace of iodine being used as catalyst : 

cs,+3a,»ca4+S|a,. 
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Carbon tetrachloride is a heavy liquid boiling at 76^ » and is 
practically insofuble in water. It will not bum, and its heavy 
vapour eiHinguishea a dame. Boiling alcoholic potash decomposes 
it with formation of potassium chloride and potassium carbonate : 

Ca4 4- 6K0H =4KC1 + KjC03 + 3H,0. 



CHAPTER XXIII 

FATS, WAXES, SOAPS, AND GLYCERIN 

Tile familiar substance glycerin, or glycerol, is a derivative of 
propane, of the formula : 

CHj.OH 
OH. OH 


Lhj.oh. 

Its molecule contains three — OH groups, and it is therefore known 
U3 a trihydric alcohbl. 

like other alcohols, glycerin is capable of reacting with acids to 
:orm esters, the hydrogen atoms of the — OH groups being displaced 
5 y acid radicles. These esters are known as glycerides. A simple 
compound of this typo is the glyceride of acetic acid, which is called 
jlycoryl triacetate, or simply triacetin : 

CHjj.O.CO.CHj 

Lh.o.co.ch, 


CHj.O.CO.CH,. 

Triacetin. 


Similarly, the glyceryl esters of palmitic, stearic, and oleic acids are 
ocdled respectively tripalmitin, tristearin, and triolein : 


CHj.O.CO.CjjH,! 

l)H.O.CO.C«Ha 

ijHi.O.CO.CuHa. 

Tripalmitin. 


CH,.O.CO.C„Hj, 

Lh.O.GO.CijH*, 

Lh,.o.co.c„h„. 

TrUtearin. 


CH,.O.CO.C„H„ 

CH.O.CO.Ci,H„ 

I 

CH,.O.CO.C„H„. 

Triolein. 


Fats and Oils 

Animal fats, such as lard and suet, and ** fixed ” or fatty 
vegetable oils, such as olive oil, almond oil, and oil of theo- 
broma, consist essentially of mixtures of tripalmitin, tristearin, and 
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triolein in varying proportions. Tripaliuitin and tristoarin are 
solid at ordinary temperatures, but triolein is an oily liquid. It is 
evident, therefore, that the difference in hardness between the 
various kinds of fats and oils depends largely on the proportions of 
these three main constituents. Thus liquid vegetable oils contain 
relatively large proportions of triolein as compared with solid animal 
fats. It may oo remarked that there* is no sharp dividing line 
between solid fats and liquid oils ; “ cocoanut oil ”, for example, 
is liquid in tropical countries, but is generally (piite solid in 
England. . . . 

Fats and fixed oils of all kinds have ccTtain characteristics m 
common. They are all greasy substances, which float on wuUt. The3f 
are insoluble in water, sparingly soluble in alcohol, and readily soluble 
in ether, chloroform, and berizene. They cannot Ik; distilled, ami 
on heating they decompose, emitting the characWristic odour of 
scorched fat (due to the formation of acrolein, p. 283). Many fats 
and oils slowly turn rancid on long exposure^ to air, liecoming acid 
in reactk)n and developing a very disagreeable odour. 

Sevum Prseparatum, Prepared Suet, is the jiiirified inU?rnal fat 
of the abdomen of the sheep. In its preparation, ordinary suet or 
“ rough fat ” is heated with water in large lead-lirw‘d tanks, in order 
to separate the fat from membranous matter On allowing to 
settle, the molten fat rises to th(‘ surface as a clear layer, and is 
drawn off. .... 

Prepared suet consists of about 70*80 ]>cr cent of tripalrnitin 
and tristearin, and about 20-30 ix^r cent of triolein. 

Adeps Prseparatus, Prepared Lard, is the purified inU^rnal fat 
of the hog, and is obtained in a similar way to that described for 
prepared suet. 

Prepared lard contains the same constituents as prepared suet, 
but the proportion of triolein is greater (about 50-00 ix*r cent), thus 
rendering it much more soft. 

Oleum MorrhusB, Coddiver Oil, contains tripalrnitin and 
tristearin, together with the glycerides of two unsaturated acids, 
known as jecoleic and therapic acids. The nutrient properties of 
the oil are attributed largely to the presence of these? unsaturated 
glycerides and of fat soluble vitamin A, which is also present in 
considerable quantity. . 

Oleum Ollvm, Olive Oil, gonsists cliiefiy of triolein (80 jxjr wnt 
and upwards), tripalrnitin, and sra^l quantities of other glycerides. 
It contains no tristearin. Oleum SesamJf Sesame Oil, and Oleum 
Amygdala* Alnumd Oil, also consist princip^ly of triolein. Oleum 
Theobromatls* Oil of Theobroma, whicn is solid at ordinary temper^ 
tures, contains tripalrnitin and tristearin, in addition to triolein and 

other glycerides. . ^ ^ ■ 

Oleum Uni* Linseed OU, is a well-known example of what is 
called a “ drying oil Such oils contain considerable* propor- 
tions of glycerides of highly unsaturated aci^, such as linolic and 
acids. When the oil is exposed to air in thin layers, these 
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glyoerides become oxidised, and the oil dries to a hard, transparent 
varnish, known as linoxyn. 

Criteria ot Purity ot Fats and Oils. — Many fats and oils are 
variable in quality, and are also liable to adulteration by cheaper 
varieties. It is not, as a ryle, possible to determine the purity of 
a fat or oil by an estimation of any one chemical constituent, and 
evidence of quality is usually dependent upon the determination 
of certain arbitrary chemical constants. The more important^ of 
these are as follow : 

The Acid Value,— T)m is a number indicating the amount of 
Ihe free acids present, and is determined by titrating an alcoholic 
solution of the fat or oil with N/10 potassium hycfioxide. Fats 
Which have become stale and rancid have abnormaUy high acid 
values, owing to partial decomposition of the glycerides with 
liberation of free acids. The acid value is therefore a valuable test 
for freshness. 

The Saponification Value is the number of milligrams of potassium 
hydroxide reouired to effect the complete saponification of the fat 
or oil, and is aetermined by boiling with a known excess of standard 
alcoholic potash, •and afterwards titrating back with standard 
hydrochloric acid^ In the case of most pure fats and oils the 
' saponification value lies between about 190 and 200. Waxes have 
much lower saponification values — ^about 120. 

The Iodine Value is the proportional weight of iodine absorbed by 
100 parts by weight of the oil or fat, under certain specified con- 
ditions. The absorption of iodine is due to direct addition to 
double bonds, and the iodine value thus gives an indication of the 
relative proportions of unsaturated acids (oleic, linolic, linolenic, 
etc.) in different fats and oils. For this reason solid fats (and 
waxes) have very low iodine values ; non-drying oils have iodine 
values of about 80-100, and drying oils have very high iodine values. 
This will be apparent from the following table, which gives the 
iodine values of a few typical official substances, and, for comparison, 
those of the commoner imsaturatod acids : 


Oleic Acid . 

LiHolic Acid 
I^olenic Acid . 

/ 

^taceum . 

Sevum Pr»paratum 
\dep8 Prseparatus 
31eum OlivsB 
31eum Bicini 
31eum Morrhuffi. 
Dleum Lini 


lodino Value. 

80 

. 181 
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3-4-4 
33-46 
. 52-63 

. 79-87 

. 83-90 

. 166-173 
liot less than 170 
(about 170-200). 
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Waxes 

Waxes are composed mainly of esters of fatty acids, but differ 
from fats and oils in that the acids are combined, not with glycerin, 
but with certain of the higher monohydric alcohols. 

Cera Flava, Yellow Beeswax ^ is obtained from the honeycomb of 
the hive bee, and is a yello^vish-b^own s^lid, which k^comes plastic 
by the heat of the hand. It consists largely of miricyl palniitate, 
CnHji.COOCaoHji. Cera Alba, White Beeswax ^ is prepared by 
bleaching the yellow variety. This is done either by exposing the 
wax, in thin layers, to the action of air, moisture, and sunlight, or 
by treating it with chemical oxidising agents, such as acidified* 
potassium dichromate. 

Cetaceum, Spermaceti, is a solid wax obtained from the sperm 
whale. It forms white, glistming, translucimt masses, with a 
crystalline fracture, and consists chiefly of cetyl palmitate, 
C„H3i.COOC\eH33. 

Adeps LansB, Wool Fat, is the purified fat of sheep wool, freed 
from water. Strictly speaking, it is not a fat, but a complex waxy 
mixture, consisting principally of esters of the two complex mono- 
hydric alcohols, cholesterol and isocholesterol. 

Soaps 

When a fat or fatty oil is boilrd with a solution of sodium 
hydroxide it undergoes hydrolysis, the produc'ts being free glycerin 
and a mixture of th(5 sodium salts of the various fatty acids. The 
following equation represents the reaction in the case' of trisU*arin: 

CHj.O.CO.CUHas CH 2 .OH 

I I 

CH . 0 . CO . CijHjj + 3NaOH - CH . OH + :K . (;OONa. 

Lhj.O.CO.CjjHj, CHj.OH 

Triatoarin. (Jlycerin. Sodium Btooralo. 

Soaps are the mixtures of the sodium salts of the fatty a(uds 
formed in this way. The process of the conversion of fats into 
soaps is called “ sajionification This t-erm is sometimes applied, 
in a rather loose way, to thc^ hydrolysis of any ester by an alkali. 
Thus ethyl acetate is sometimes said to lx; “ 8aiK)nified ” by sodium 
hydroxide, although no true soap is formi'd in the reaction. 

Sapo Animalls» Curd Soap . — In the preparation of curd soap, 
purifi^ animal fat is boiled for a considerable time with aqueous 
caustic soda in a large cylindrical vesw*l called a “ soap kettle 
When the hydrolysis is complete, dry salt is added. Soap is only 
sparingly soluble in brine, so that, as the salt dissolves, ^he soap 
separates from the hot solution in the liquid form, and floats on the 
top. The aqueous layef underneath, containing salt^ glycerin, and 
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any excess of caustic soda, is run ofi, and the soap, after purification 
by imcial methods, is allowed to solidify in moulds. 

Curd soap consists chiefly of sodium stearate and sodium palmi- 
tate, with not more than 30 per cent of water. If it is dissolved in 
water and the solution acidified with hydrochloric acid, the free 
fatty acids are precipitated in the form of a white, curd. For 
example : 

Cj^Hai • C^OONa + HCI = . COOH + NaCI. 

Sodium palmitato. Palmitic acid. 

Sapo Duma, Hard Soap, is prepared in a similar manner from 
olive oil . It consists largely of so^um oleate, with smaller quantities 
^ of sodium palmitatc^, and not more than 30 per cent of water. 

« Sapo Mollis, Soft Soap, is prepared by lx)iling olive oil with a 
solution of caustic potash. This soap cannot be “ salted out ”, as 
the salt and soap would react to form potassium chloride and 
ordinary soda soap. The solution, after hydrolysis, is therefore 
simply boiled down until, on cooling, it sets to a clear, soft, trans- 
lucent jelly. Soft soap thus contains much of the glycerin flroduced 
during the saponification. 

Tests for Impurities in Official Soaps. Alkaline Hydroxides and 
Free Fodty Acida\ — It is useless to test an aqueous solution of a soap 
for free acid or alkali, since a soap is invariably alkaline in solution 
owing to partial hydrolysis. The test is therefore carried out in 
alcoholic solution. Dissolve 6 grammes of the dried soap in 60 mils 
of boiling alcohol (90 pr cent), filter the hot solution, and wash the 
filter thoroughly with boiling alcohol. The mixed filtrate and 
washings should ho neutral to phenolphthalein. 

Alkali Carbonates {Limit of), — This test depends on the fact 
that alkali carbonates are insoluble in alcohol. Wash the filter- 
paper from the above test with boiling water. The washings should 
require for neutralisation not more than 6 mils of N/10 sulphuric 
acid, using methyl orange as indicator. 

Free Fata and Oila.—Tho soaps should not impart a greasy 
stain to wliite unglazed paper. 

Potassium {in Sodium Soaps). — ^The ash obtained on ignition of 
Sapo Animalis and Sapo Bums should not be deliquescent. 

Foreign Fatty Acids {in Olive Oil Soaps). — Dissolve the soap in 
hot water, add a slight excess of hydrochloric acid, and heat on a 
water-bath until the liberated fatty al;ids form a transparent layer. 
Separate the fatty acids on a filter-paper, and wash with hot 
water until the washings are neutral to methyl orange. Filter the 
oily layer through a dry filter-paper in a warm oven. The fatty 
acids thus obtained should have the following characters : Iodine 
value, 83-92; acid value, 196-205 ; melting-point, 21-28® ; refractive 
index at 40®, 1 -464-1 -468. The separation of the molten fatty acids 
depends upon the fact that they will pass through a dry filter-paper, 
but not ti^ugh a wet one. 
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Substances Similar to Soaps 

Zlncl Oleostearas, Zinc OleostearatCt is a zinc “ soap It is 
prepared by mixing a solution of hard soap and curd soap with a 
solution of zinc sulphate. The zinc soap is formed by double 
decomposition, and, being insoluble in water, is precipitated. 

Hydrargyria Oleatum, Oleaied Mercftry, may bo Regarded as a 
mercury soap in that it consists principally of mercuric oleate. It 
is a yellow, unctuous substance, and is prepared by triturating 
yellaw mercuric oxide \vith a little liquid parathn, adding oleic acid, 
and heating at 50° with occasional trituration, until combination 
has been effected. 

Emplastrum Plumbl, Lead Plaster^ is made by heating a 
mixture of litharge, olive oil, and water, when the triolein i»r 
hydrolysed with formation of lead oleate and glycerin. Before 
drying, the mass is kneaded with hot water to remove gly(;erin. 

^ Glycerin, Glycerol, C3Hj(OH)3 

Preparation, — (1) Glycerin can b(* synthesised from ethyl 
alcohol (which can itself be built up from its elements, see p. 218) 
by the following scries of reactions : ’ 

• 

oxidation heat calriiim salt 

CHj . CHj . OH >. CHj . COOH ^>. ( :h , . (HI . CH„ 

Ethyl alcohol Acetic acid. Acetone. 


roduction 


liont with COUP, 
sulphuric acid 

^CH3.CH(0H).CH3 : CHg, 

Isopropyl alcohol. Propylono. 


a<ldition of chlorine 

— > CH3 . CHCl . CH j( :i , 

Propylene dichloridc. 

action of chlorine in presence of a catalyst 

>CH3Cl.CHri.CHjCl, 

Glyceryl trichloride. 

hydrolysis 

>-CHi(OH) . CH(0H^ . CH 4 OH). 

Glycerin. 

(2) The glycerin of commerce is largely j;rej)ared from the waste 
liquor obtained, as previously described, during the manufacture 
jf soda soaps. The liquor, which contains from 4 to 9 per cent of 
jlycerin, is neutralised, filtered, and heated in vacuum pans. The 
wrater distils off, leaving the glycerin and salt. The glycerin ^ then 
leparated by filtration, and purified by distillation under diminished 
pressure. » 
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Another process for the manttfacture of glycerin frAm fats 
consists in hydrolysing the fats by heating with water under pressure : 

Fats + water = fatty acids + glycerin. 

Pfopcrttw.— Glycerin is a sweet, viscous, colourless liquid, of 
specific gravity 1*26. When obtained absolutely pure and free 
from all traces of water, ittforms colourless crystals, melting at 17°. 
The crystals are very hygroscopic, and small traces of water-vapour, 
absorbed from the air, are sufficient to convert it into the ordinary 
syrupy form. Glycerin mixes in all proportions with water and 
with alcohol, but is insoluble in ether. It boils at about 290°. * 

^ In chemical properties glycerin is very similar to the monohydric 
alcohols. Thus it is readily acted upon by sodium, with evolution 
rof hydrogen and formation of a solid sodium derivative. Being a 
trihydric alcohol, it can form esters by interaction with one, two, or 
throe equivalents of an acid. Thus, by heating it at different 
temperatures with different quantities of acetic acid, the following 
esters can be prepared : 

C3H5(0H)2.0.C0.CH3 . . . Monacetin. 

C3H3(0.C0.CH3)2.0H . . . Diacetin. 

C 3 H 5 (Q . CO . CH 3)3 . . . Triacetin. 

As in the ca^ of the monohydric alcohols, the —OH groups in 
glycerin can bo displaced by chlorine atoms. .Thus, hydrochloric 
acid converts glycerin first into a-monochlorohydrin and then into 
tt<i'-dichlorohydrin. Either of these compounds, on treatment with 
phosphorus pcntochloride, yields glyceryl trichloride : 


a CH3.OH 

CHja 

CH3CI 

CH3CI 

p Lh.oh - 

CH.OH - 

-> CH.OH - 

-=► CHQ 

i Lhj.OH 

1 

OHj.OH 

1 

CHjCl 

1 

cHja. 

Glycerin. 

a-Monochloro- 

hydrin. 

ao'-Dichloro- 

hydrin. 

Glyceryl 

trichloride. 


Glvcerin can bo distilled unchanged under diminished pressure, 
but if distilled at ordinary pressures it is partiaUy decomposed, 
with evolution of pimgent vapours containing acrolein (p. 283). 

Glycerin is readily attacked by potassium permanganate and 
other ondising agents, ivith formation of a variety of products, 
including carbon dioxide and oxalic acid. 


GLYCERINUM 

Glycerin 

consists of glycerin, associated with a small quantity oi 
water.^ It should be colourless, odourless, and neutral to litmus 
Speoifio gravity, 1*260. 
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In the Pharmacopoeia there are nine preparations consisting of 
solutions of various substances in glycerin. The reasons underlying 
the use of glycerin in these preparations may be summarised as 
follows : 

1. .Glycerin dissolves many substances which are not very readily 
soluble in water, such as borax, boric acid, and phenol. 

2. It is viscous and hygroscopic, anr> it therefore maintains in a 
moist condition su^face^ to which it is applied, and also adheres to 
mucous surfaces ; in this way the dissolved medicament is ensured 
a prolonged contact with the afifectt‘d part, and its penetrative 
action is increased. 

3. It acts as an antiseptic and preservative, though not to tho^ 
extent formerly believed. 

When used for extracting the proximaU* constituents of drugi, 
glycerin suffers from the same disadvantages as water, in that it 
dissolves gummy and * albuminous matter, and tends to extract a 
large amount of tannin. The solubility of tannin and its oxidation 
products in glycerin is sometimes, however, of (‘(msiderablc use in 
pharmacy. 

Tests for Impurities. Non-volatile Solifis. — On ignition it should 
yield no appreciable ash. 

Lead. — When testc*d according to the quantitative limit-test 
(p. 173), but using 10 gramme's in each Nessler glass, no difference 
should hi) observed on adding the sodium sulphide to one of the 
solutions. 

Copper. — When th(* above test is r(‘j)eat<*d, but omitting the 
addition of ammonium hydroxide and potassium cyanide, and 
adding to each solution 1 mil of dilute* hydrochloric acid, no differ- 
ence in colour should be observed on passing hydrogen sulphide 
through one of the solutions. 

Iron {Limit of). — A mixture of 10 mils of glycerin with 40 mils 
of water, I drop of Solution of Ammonia, and 1 drop of a freshly 
prepared 10 per cent solution of tannic acid should assume not 
more than a faint and transient ])ink or purph^ coloration. 

Ammonium. — Dilute with Wat<*r, add sodium hydroxide, boil, 
and test the evolved vapours with turmeric pajH'r. 

Sulphate. — A 1-10 aqueous solution, acidified with hydrochloric 
acid, should give no turbidity on addition of barium chloride. 

Chloride. — A 1-10 aqueous solution, acidified with dilute 
nitric acid, should not beebme opalcscTiit on addition of silver 
nitrate. • 

Sugar. — When gradually heated it should assume not more 
than a faint yellow, but no pink, coloration, and should 3 deld 
not more than a very slight charred residue and no odour of burnt 
‘sugar. 

Formic Acid and Acrolein. — When mixed with an equal volume 
of Solution of Ammonia and a few drojMj of silver nitrate^solution, 
and set aside in a dark nlace for five minutes, no darkening in colour 
should take place. 
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Fatty Acids.— WArm with ad e^ual volume of dilute Alphuric 
Acid and Bbake the mixture vigorously, when not more than a faint 
odour should be noticeable. 

Extraneous Organic Matter . — When shaken with an equal 
volume of concentrated sulphuric acid, the mixture being kept well 
cooled, not more than a very slight straw coloration should be 
produced. f 

Arsenic Limit . — 4 parts per million (p. 176). 


Derivatives of Glycerin 


^ Nitroglycerin, CHj(N 03 ) . CH(N08) . CHjiNOs), or, more correctly, 
glyceryl trinitrate, is the glyceride of nitric acid. It is prepared 
by slowly adding glycerin to an ice-cooled mixture of concentrated 
sulphuric acid (4 parts) and concentrated nitric acid (1 part). The 
solution is cautiously run into ice-cold water, when the nitroglycerin 
separates as a heavy oil, which is purified by repeated washing 
with cold water. 

Nitroglycerin is a heavy, colourless oil, with a sweetish taste ; 
it is practically insoluble in water and in alcohol, but readily soluble 
in ether. Pure rytroglycerin is an exceedingly dangerous substance 
to handle. It explodes with great violence if rapidly heated or 
struck with a hanftner, and, if impure, it is liable to explode spontane- 
ously. Nitroglycerin is used in the manufacture of dynamite and 
of blasting gdatine, which are comparatively safe explosives. In 
pharmacy it is. used in making Tabella) Trinitrini and Liquor 
Trinitrini. 

The Allyl Compounds. — ^Compounds of this class contain the 
unsaturated allyl radicle, CHj:CH.CH 2 — . As most of these 
compounds are prepared from glycerin, it is convenient to consider 
them here. 

AUyl alcohol, CHj : CH.CHj.OH, is prepared by heating a 
mixture of glycerin and oxalic acid, in a retort, to 250®. The 
reaction takes place in the following stages : 


CHj.O.CO.COOH CHj.O.CHO CH, 

I I II 

CH.OH — >CH.OH — >CH 

[!H,.OH ■'Lhj.OH Ihj.OH. 

Monoxalin. Monoformin. Allyl alcohol. 

This preparation should be carefully compared with that of 
formic acid (p. 244). The same ingredients are employed in both 
oases, but, if ^yl alcohol is required, a sufficiently high temperature 
is employed to bring about the decomposition of the monoformin, 
as shown above. 

AUyf alcohol is a colourless liquid with an irritating odour. It 
has the properties both of an unsaturatcU compound and of an 


CHj.OH 

Ijh.oh- 

Lhj.OH 

Glycerin. 
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alooho!. As an unsaturated ^compound, it can combine directly 
with nascent hydrogen and with the halogens. For example : 

CH, : CH.CH,.OH +2il =CH,.CH,.CH,.OH. 

Propyl alcohol. 

CH, : CH.CHj.OH +Brj=:CH^Br.CHBr.CH,.OH. 

ajS-Dibromohydrin. 

As an alcohol it forms a sodium derivative, CH, : CH.CHj.ONa, 
on, treatment with metallic sodium ; it is acted upon by bromides 
or iodides of phosphorus, with formation of ally! bromide, 
CH, : CH.CHjBr, or allyl iodide, CHj : CH.CHJ ; and, on oxid^ 
tion, it is converted first into tin aldehyde and then into a carboxylic 
acid : 

CHj : CH.CHj.OH— : CH.CHO — : CH.COOH. 

AUyl alcohol. Acrolein. Acrylic acitl. 

Acrolein, CHj : CH.CHO, is formed by oxidation of allyl alcohol, 
and, irf small quantities, when glycerin is distilled. It is usually 
prepared by heating glycerin with ix)tassium hydrogen sulphate, 
which, by raising the boiling-point, assists the decomposition of 
the glycerin : 

CHj.OH CHj 

1 li 

CH.OH — -> CH + 2 H 2 O 
CHj.OH OHO. 

Glycerin. Acrolein. 

Acrolein is a volatile liquid with a ix netrating and disagreeable 
odour resembling that of scorched fat. Its vapour is strongly 

lachrymatory. . , 111 

Like other aldehydes it reduces ammoniacal silver hydroxide, 
being itself oxidised to acrylic acid (p. 257) : 

CH, : CH.CHO— >(’11, : CH.f’OOH. 



CHAPTER XXIV 


THE POLYBASIO OARBOXYLIO ACIDS 

COOH 

Oxalic Acid, I 

COOH 

Oxalic acid is the simplest of the dibasic carboxylic acids. Its 
molecular formula is C2H2O4, and its formation from glycol (p. 269) 
shows that its molecule consists of two — COOH groups joined 
together. In the form of its calcium and acid potassium salts it 
occurs in many plants, notably in wood sorrel and in rhubarb. 
Rhubarb rhizome contains, on the average, some 7 per cent of 
calcium oxalate. 

Preparation. — (1) Oxalic acid can be synthesised, in the form of 
its sodium salt, by heating sodium formate, or by passing carbon 
dioxide over heated sodium : 

2H , COONa = COONa . COONa + Hg, 

Sodium oxulato. 

2CO2 + 2Na - COONa . COONa. 

(2) In the laboratory oxalic acid is prepared by the action of 
nitric acid on sucrose (p. 319). A mixture of sucrose with about 
eight times its weight of concentrated nitric acid is gently warmed 
in a large flask. A vigorous reaction soon sets in, and copious 
brown fumes are evolved. If the oxidation becomes too violent 
the flask must bo cooled. When the reaction is at an end the liquid 
is allowed to stand for several hours, and the crystals of oxalic acid 
which have been deposited are then separated by filtration, and 
purified by recrvstallisation from water. 

(3) On the large scale, oxalic acid/ is manufactured from saw- 
dust. The sawdust is heated with caustic soda in open iron vessels, 
when complex changes take place, resulting in the formation of 
sodium oxalate. The product is extracted with hot water, and 
the liquor boiled with milk of lime in order to precipitate insoluble 
calcium oxalate. The precipitate is collected, washed, and treated 
with the theoretical quantity of dilute sulphuric acid : 

COCK COOH 

I Xa+H2S04«| tCaS04 
CO(y COOH 

284 
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The liquid is filte):ed from the insoluble calcium sulphate, and the 
filtrate is evaporated sufficiently for ‘the oxalic acid to crystallise 
out on cooling. 

Commercial oxalic acid, prepared in this way, generallv contains 
sodium oxalate as impurity. For use in volumetric analysis, pure 
oxalic acid is best prepared by Method (2) from pure sucrose. 

Properties . — Oxalic acid forms largo colourless crystals contain- 
ing 2 molecules of water of crystallisation. It is readily soluble in 
water, has an acid taste, and is poisonous. The crystals melt at 
100°. The anhydrous acid, a white amorphous powder, can be 
obtained by drying at 115°- 120°, but at higher temperatures it 
partly sublimes and partly decomposes, thus : 

COOH . COOH = COj + CO + H^O. 

This decomposition can also be brought about by heating oxalic 
acid with concentrated sulphuric acid. 

Potassium permanganate, in acid solution, oxidises oxalic acid to 
carbon ^oxide and water, and on this reaction depends the use of 
oxalic acid for standardising permanganate solutions : 

COOH . COOH + 0 = 2CO2 + H jO. 

Oxalic acid is a stronger acid than acetic. Its aqueous solution 
is acid to indicators, and dissolves metallic oxidcA, hydroxides, and 
carbonates with formation of salts. Since it is dibasic, oxalic acid 
gives rise to two series of salts — the normal and the acid oxalates. 

Sails and Esters of Oxalic Acid.— Normal potassium oxalate, 
COOK. COOK, HjO, IS prepared by mixing solutions of oxalic 
acid and potassium carbonate in molecular proportions, and con- 
centrating to crystallisation. If twice the quantity of oxalic 
acid be employed, potassium hydrogen oxalate, COOH. COOK, 
is formed. Salt of Lemon, or Salt of Sorrel, is crystalline potassium 
hydrogen oxalate, COOH. COOK, 2H2O. It is sometimes sold 
mixed with either potassium quadroxalate, KHC204.HjC|04,2H|0, 
or with acid potassium tartrate (p. 68). Ammonium oxalate, 
C00NH4.C00NH4,H20, is prepared by neutralising oxalic acid 
solution with ammonium hydroxide. When heated it yields 
oxamide (compare p. 248) : 

COONH4 CO.NHj 

I •= I +H, 0 . 

COONH4 CO.NH, 

Oxamide. 

Calcium oxalate is insoluble in water, and is formed as a white 
precipitate when a solution of a calcium salt is added to a neutral 
solution of an oxalate. 

Oxalic acid is easily esterified. Methyl oxalate, COOCH j . COOCHg, 
is a crystidline solid, melting at 54°, and is prepared by boiling 
anhydrous oxalic acid wijbh methyl alcohol. It is rapidly hydrolysed 
by dilute alkalies, and even by W water. 
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Ethyl oxalate ia a liquid, boiling at 186 ^ 

Tests for Oxalates,'— (1) When heated alone, oxalates decompose, 
with little or no charring, but with evolution of oxides of carbon, 
leaving a residue of the oxide or carbonate of the metal. 

( 2 ) When heated with concentrated sulphuric acid, oxalates are 
decomposed with evolution of a mixture of carbon monoxide and 
carbon dioxide, no charring taking place (distinction from tartrate 
and citrate). The carbon dioxide can be recognised by its action 
on lime water, and, if sufficient of the oxalate is used to maintain a 
brisk effervescence, the carbon monoxide can be made to bum at 
the mouth of the tube. 

' ( 3 ) Calcium chloride, added to a neutral solution of an oxalate, 

produces a white, crystalline precipitate of calcium oxalate. The 
p.^cipitate is insoluble in acetic acid (distinction from tartrate and 
citrate), but dissolves in dilute hydrochloric acid. 

yCOOH 

Malonio Acid, CHjv 

^COOH 

Malonic acid is the first- homologue of oxalic acid. It can be 
prepared by heating the potassium salt of monoehloracetic acid 
, with solid potassium cyaniae, and then hydrolysing the product by 
boiling it with hydrochloric acid : 

CHjCl . COOK + KCN = CH2(CN) .COOK + KCl, 

Potassium Potassium 

chloracetato. cysno*acotato. 

CH,(CN) . COOK + 2HCI + 2H,0 = CH,(COOH), + KG + NH4CI. 

Malonic acid. 

Malonic acid is a crystalline solid, which, on heating, decomposes 
into acetic acid and carbon dioxide : 

CH,(COOH)a=CH3.COOH + CO2. 

CHj.COOH 
Succinic Acid, | 

CHj.COOH 

Succinic acid may be obtained by destructive distillation of 
amber. It can be prepared aynthetically bv heating ethylene 
dibromide with solid potassium cyanide, and then hydrolysing the 
product by boiling with a dilute mineral acid : 

CH,Br CH,.CN CH,.COOH 

I ^ I ^ 1 

CHjBr +2KCN CHj.CN Hydrolysis CH,.COOH. 

Ethylene 

dieyanide. 

Sucoinio ac*d is a colourless crystalline solid, melting at 185 *^, 
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and is sparinxly soluble in water. like oxalic acid, it is dibasic, 
and forms botn normal and acid salts. 

When succinic acid is distilled, it is partially converted into 
succinic anhydride^ with loss of water : 

CHj.COOH CHj.COv 

I — > I .)0 + H,0. 

CHj.COOH CH*.CO/ 

Succinic 

anhydride. 

This*compound is called an “ inner anhydride ”, since it is formed 
from one molecule of the acid by what may be termed a process of 
internal condensation. In this way it fliffers from, say, acetic 
anhydride, which is formed by the condensation of two molecules of, 
acetic acid (compare p. 250). By heating in a stream of ammonia 
gas, succinic anhydride can be converted ink> a comiK)und called 
succinimide : 


CHj.COx OHj.COx 

I ;0+NH3-| 

CJHj.CQ/ CHj.CQ/ 

Succinimide. , 

Succinamide is prepared by shaking ethyl succinate with a strong 
solution of ammonium hydroxide : 


CHa.COOCjHj CHj.CO.NHa 

+ 2 NH 3 -I +2(yL.OH. 

CHj.CO.NHj 

Succinamide. 


CH 3 .COOC 3 H 3 


It cannot, however, be prepared by distilling ammonium succinate, 
a method which would bo analogous to that generally employed 
for the preparation of acetamide (p. 251), since, at the temp(‘rature 
employed, the succinamide first formed is converk'd into the imide : 


CHj.CO.NH, 

CHj.CO.NHj 


CHj.COv 

I )nh+nh 

CHj.CO/ 


»• 


Malic Acid,, 


CH(OH).COOH 
CH, ,CO()H 


Malic, or hydroxy-succinic acid, occurs in the juice of apples 
md of other fruits. It can be made synthetically from succinic 
acid, which, by treatment with bromine, is converted ink) bromo> 
mccinic acid ; this, on boiling with silver hydroxide and water, 
jrields malic acid : 


CHj.COOH 

ia,.cooH 


CHBr.COOH 

ijHj.COOH 


CH(OH).COOH- 

jjHj.COOH. 
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Malic acid is a crystalline compound, which on reduction witb 
hydriodic acid yiel^ succinic acid. 


CH(OH).COOH 
Tartaric Acid, | 

f CH(OH).COOH 

Tartaric acid is a dihydroxy-succinic acid. It is one of the more 
important “ vewtablo acids ”, and occurs in the juice of many 
fruits, notably the grape. • 

Preparation. — ( 1 ) Tartaric acid can be prepared synthetically 
* by a method very similar to that given for malic acid. Succinic 
acid, by the prolonged action of bromine, is converted into sym- 
^netric^ dibromosuccinic acid, and this, on boiling with silvei 
hydroxide and water, yields tartaric acid : 

CHj.COOH CHBr.COOH CH(OH).COOH 

I I -->1 

CHj.COOH CHBr.COOH CH(OH).COOH. 

(2) During the manufacture of wines by the fermentation o 
grape juice, a brownish solid called “ arged ” separates. Argol ii 
impure potassiu^i hydrogen tartrate, and from it the tartaric acic 
of commerce is obtained. 

The argol, after recrystallisation from watc'r, is dissolved in ho 
water, and chalk is added, small quantities at a time, until effer 
vescence ceases. In this way half the tartaric acid is precipitatcc 
as sparingly soluble calcium tartrate, and the rest remains in solutioi 
as normm potassium tartrate : 


CH(OH).COOK 
2 1 +CaC 03 

CH(OH)COOH 

CH(OH) .COO\ CH(OH) . COOK 

= 1 ’)Ca + l +CO 3 +H-C 

CH(OH) . COO^ CH(OH) . COOK 


The calcium tartrate is filtered off, and calcium chloride is added t 
the filtrate, when the remainder of the tartaric acid is precipitate 
as calcium tartrate : 


CH(OH).COOK 

Lh(OH).COOK 


CH(OH).CO(\ 

+C»a,=l )Ca+2Ka 

CH(OH).COO/ 


The whole of the calcium tartrate is then treated with the theoretici 
quantity of dilute sulphuric acid ; 


,CH(OH).COOv CH(OH).COOH 

1 )Ca+H,SO,=| 

CH(OH).COO/ CH{OH).COOH 


+CaSO«. 
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After filtering off the calcium sulphate, the clear solution of tartaric 
acid is evaporated to crystallisation. 

Properties . — ^Tartaric acid crystallises in large colourless prisms, 
melting at 167°, with decomposition. It is very easily soluble in 
water, somewhat less soluble in alcohol, and insoluble in ether. 

When heated, it first melts and then chars, giving an odour of 
burnt sugar. It also chars when gently 'Srarmcd with concentrated 
sulphuric acid, and at the same time sulphur dioxide is evolved, 
owing to the reduction of some of the sulphuric acid. 

iSWte of Tartaric Acid . — Being a dibasic acid, tartaric acid forms 
two series of salts. Potassium hydrogen tartrate, KHC4H40e, un- 
like most potassium salts, is only sparingly soluble in water, and its 
formation is therefore sometimes used as a test for potassium. 
Normal potassium tartrate, (KjC^H^OJj.HjO, is readily solubles 
Calcium tartrate, CaC4H404,4H20, is only very sparingly soluble in 
water, and is formed as a white precipitate when a solution of a 
calcium salt is added to a neutral solution of a tartrate. Many 
tartrates are important pharmaceutical substances. The following 
are official, and have been previously described in detail : 

Antimonium Tartaratum, (KSb()C4H404)2,H2^ (P- 
Potassii Tartras, (K2C4H40g)2,H20 (p. 67). * 

Potassii Tartras Acidus, KHC4H40fl (p. 68). • 

Sodii et Potassii Tartras, NaKC4H408,4H20 (p. 84). 

Ferri et Potassii Tartras (p. 136). 

Tests for Tartrates.- -{\) When heated alone a tartrate chars, 
giving an odour of burnt sugar. 

(2) With concentrated sulphuric acid, tartrates char readily on 
gentle warming (distinction from oxalates and citrates). 

(3) When calcium chloride is added to a neutral solution of a 
tartrate, a white crystalline precipitate of calcium tartrate is formed, 
either immediately or on shaking (distinction from (itrate). The 
])rccipitate ls soluble in dilute mineral ac ids, and also in acetic acid 
(distinction from oxalate). 


ACIDUM TARTARICUM 

Tartaric Acid, (Mol. Wt. = 150) 

The official substance is required contain not less than 99 per 
cent of H,C4H404. 

It is met with in colourless monoclinic prisms, soluble more 
than 1-1 in water and 1-3 in alcohol (90 per cent), the aqueous 
solution being dextro-rotatory (p. 293). 

Tests for Impurities. Non-volatile Matter.— On strong ignition 
in an open crucible, it should not leave more than 0*1 per cent,of ^h. 

Copper . — ^Dissolve in ^lute nitric acid, add excess of ammonium 
hydroxide, and filter if necessary. The solution should have no 
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blue tinge, and Bhould not become brown on acidifying with acetic 
acid and adding potassium ferrocyanide. 

/ron.— The solution in dilute nitric acid should give no blue or 
green precipitate or coloration when treated with a solution of 
potassium ferrocyanide. 

Calcium. — Ignite the acid, extract the residue with dilute hydro- 
chloric acid, add excess o^ ammonium hydroxide, and filter. Add 
ammonium oxalate to the filtrate, when there should be no 
immediate precipitate. 

Sulphate {Limit of). — 1 gramme dissolved in 50 mils of water, 
on addition of 0*5 mil of a 10 per cent solution of barium chloride, 
should not yield a greater opalescence than 1 mil of N/ 100 sulphuric 
acid when precipitated under the same conditions. 

'' Oxahle. — Dissolve in water, treat the solution with dilute 
acetic acid, and add calcium chloride solution. There should be no 
white precipitate, oven on standing. 

Lead Limit. — 20 parts per million (p. 173). 

Arsenic Limit. — 1*4 parts per million (p. 176). 

Quantitative Estimation. — ^It is estimatc'd by neutralisation with 
standard sodium hydroxide. Weigh out about 5 grammes, dissolve 
in water, dilute to 100 mils, and titrate portions of 20 mils with N/1 
sodium hydroxide, using phenolphthalein as indicator : 

2NaOH + H jC 4 H 40 e = NajC 4 H 40 e + 2 H 2 O, 

2x40 = 160, 

1000 mils N/1 NaOH s 76 grammes of H 2 C 4 H 4 O 4 , 

1 mil N/1 NaOH s 0*075 gramme of H 2 C 4 H 40 e. 

CHa.COOH 

Citric Acid, C(0H).C00H 
Lhj.COOH 

Citric acid occurs in large quantities in the juice of various 
species of Citrus^ and to a smaller extent in the unripe juices of 
many fruits. Succus limonis contains between 7 and 0 per cent 
of citric acid. 

Preparation. — (1) Citric acid can be synthosisod from glycerin 
by an interesting series of reactions, which may be summarised as 
follows : 

CH^.OH CH^a CH,a 

lai.oH >. 1 ;h.oh ^-Ijo 

CHj.OH CHjCl 

' Glyceryl Symmetrical 

diobloroc dichlor- 

hydrin. acetone. 



THE POLYBASIC CARBOXYLIC ACIDS 


201 


CH,a CH,a 

I I 

>-C(OH) . CN ).C(OH) . COOH 

Direct combination I Hvclrolysis with I 

ofHCN CHjCl dil. mineral acid 

Cyanohydrin 
of gymm. 
dichloracetone. 

CHj.CN CHj.COOH 

I I 

)-C(OH) . COOK >.C'(OH) . COOH 

Action of KCN on I Hydrolysis I 

potassium salt , CN CH^ . COOH. 

(2) Citric acid is manufactured from lemon juice. The boiled 
juice, after filtration, is neutralised with chalk. The precipitated 
calcium citrate is separated from the hot solution by filtration, and 
free citrii^ acid is obtained from it by an exactly similar method to 
that described for tartaric acid (p. 288). 

Properties. — Citric acid forms largo colourless crystals, which 
contain 1 molecule of water of crystallisation, and melt at 100°. 
It has a pleasant, sour taste. With concentraU'd,sulphuric acid it 
chars on boiling. 

When heated alone it gives off very irritating vapours, with 
some charring. Under carefully regulated conditions, ^ number of 
interesting unsaturated compounds can be obtained from citric 
acid by the action of heat. Thus if the anhydrous acid is carefully 
heated at about 170° it is converted into aconitic acid, but if rapidly 
distilled it yields citraconic acid and its anhydride as the main 
products : 

CHj.COOH CH.COOH CH.COOH CH.COv 

1 II il II > 0 . 

C(OH).COOH -> C.COOH — ^ C.COOH C.CO/ 

Lh,.COOH Lhj.COOH CH, I'H, 

Aconitic Citraconic Citraconic 

acid. aeiil. anhydride. 

Salts of Citric Acid. — Citilc acid is tribasic, and forms three 
series of salts. Calcium citrate, has the unusual 

property of beiM fairly soluble in cold water, but only sparingly 
soluble in hot. The following ofiScial citrates have been described : 

Liquor Ammonii Gtratis (p. 96). 

liquor Bismuthi et Ammonii Citratis (p. 154). 

Ferri et Ammonii Citras (p. 133). 

Ferri et Quinins Citras (p. 135). 
lithii Citras, ^w0|H|O7,4HjO (p. 89). 

Potassii Citras, KiOaH^O^iliO (p. 
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Tests for Citrates.— (1) When heated alone citrates char, giving 
an unpleasant odour. 

(2) With concentrated sulphuric acid, citrates do not char in 
the cold or on gentle warming (distinction from tartrate). On 
continued beating the liquid ^^ually darkens in colour until, on 
boiling, it becomes nearly^black (distinction from oxalate). 

(3) When a neutral solution of a citrate is shaken in the coJd 
with calcium chloride no precipitation takes place. On boiling for 
a minute or two, a white crystalline precipitate of calcium citrate 
is formed ^distinction from tartrate and oxalate). 


ACIDUM CITRICUM 

Citric Acid, H 3 CeH 507 ,H 3 j 0 . (Mol. Wt. = 210) 

The official substance is required to contain not less than 99 *5 
per cent of H 3 CflH 507 ,H 20 . 

It is met with in the form of largo colourless prisms^ Soluble 
about 1 in 0*6 in water, somewhat loss soluble in alcohol (90 per 
cent), slightly soluble in ether. 

Tests for Impurities. Non-volatile Matter.— On strong ignition 
in an open cruq^blo, it should leave not more than 0*05 per cent 
of ash. 

Iron. — ^The aqueous solution, acidified with dilute nitric acid, 
should give no blue or green precipitate or coloration when treated 
with a solution of potassium ferrocyanide. 

Calcium. — No immediate precipitate should bo produced when 
the acid is ignited and tested as under Acidum Tartaricum. 

Sulphate. — ^The aqueous solution, acidified with dilute hydro- 
chloric acid, should give no more than a slight turbidity with barium 
chloride. 

Tartaric Acid. — ^This test depends on the previously mentioned 
fact that tartaric acid chars more readily with concentrated sulphuric 
acid than does citric acid. 1 gramme of the powdered citric acid 
is mixed in a test tube with 10 mils of concentrated sulphuric acid, 
and the tube is heated on a water-bath at 90° for an hour. Not 
more than a pale yellow colour should be developed. 

Lead Limit. — ^20 parts per million (p. 173). 

Arsenic Limit. — 1*4 parts per million (p. 176). 

Quantitative Estimation.— /Stric acid is estimated in a manner 
exactly similar to that described under Acidum Tartaricum, using 
the same quantities : 

3NaOH + = Na,C,H, 07 + 3 H 2 O, 

3x40 s 210, 

1000 mils N /1 NaOHs70 grammes of HsC^HgO^HsO, 

1 mil N/1 NaOH s 0*070 gramme of 1130311507 , 11 , 0. 




CHAPTER XXV 

STEREOISOMERISM 

Optical Isomerism 

In the study of organic chemistry c('rtain examples of isomerism 
are met with which cannot bo explained by ordinary structural 
formulae. One of the simplest cases is that of the lactic acids. In 
addition Jto ordinary lactic acid (p. 263) an isomeric compound 
occurs in meat juices, known as sarco-lactic acid, which is identical 
with the ordinary acid in chemical properties, but differs from it in 
certain minor physical properties, notably in its effect on polarised 
light. , 

For a full account of the nature of polarised light the student 
must bo referred to text-books of physics, and only the essential 
facts can be mentioned here. Modem physical theory supposes 
that the phenomena of light are due to the propagation through 
the ether of a series of waves or vibrations. In a parallel beam of 
light the vibrations take place indiscriminately, in all planes passing 
through the line of direction of the beam. By passing a beam of 
light through certain transparent crystalline substances, such as 
tourmaline, it is possible to cut out all th(‘ vibrations except those 
in one plane, and in this way there is produced what is known as a 
beam of polarised light. 

Certain substances, either in the frei; state* or in solution, are 
capable, when interposed in the path of a beam of iwlarised light, 
of rotating the plane of polarisation, either to the right (dextro) or 
to the left (Ifflvo).^ Such substances are said to bo “ optically 
active The amount of rotation produced by a particular sub- 
stance can be expressed, for purposes of comparison, as a definite 
numerical property — the specific roiMiion—U^v the det<*rmination of 
which an instrument called a polarimetor is employed. 

Ordinary lactic acid is optically inactive, whereas sarco-lactic 
acid is dextro-rotatory. Since the two forms are identical in 
chemical properties, they must necessarily be both represented 
by the same structural formula, namely, CH3.CH(0H).C00H. 
Now hundreds of optically active organic compounds are known, 
and an inspection of the structural formula; of such coni^unds 
• 

' The words elexfro and Icew urb often abbreviated to d and k respectively. 

283 
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reveals the interesting fact that in every case the molecule contains 
at least one carbon atom which is directly attached to four dissimilar 
atoms or groups, and which is therefore said to be asymmetric. 
The following compounds, for example, are all optically active, and 
each contains one or more asymmetric carbon atoms (shown in 
heavy type) : , 

CH8.0H(OH).COOH Lactic acid. 

CHj.COOH 

Malic acid. 

H(0H).C00H 
OH(OH).COOH 

J Tartaric acid. 

H(OH).COOH 

9 

Optically active amyl alcohol. 


>OH.CH«.OH 

CH,/ 


C.H.\ 

>OH.fcoOH 

CH,/ 


Optically active valerianic acid. 


In the case of each of these compounds, an isomeric compound 
is known which is identical chemically, but rotates the plane of 
^larisation of light to an exactly equal extent in the opposite 
direction. Such pairs of compounds are called optical isomerides. 

It is evident, then, that the phenomena of optical activity and 
optical isomerism are intimately connected with the presence in 
the molecule of an asymmetric carbon atom.^ This connection was 
recognised by two scientists, I^e Bel and van’t Hoff, who put forward 
independent explanations of optical isomerism ; and their views, 
which are in agreement on main points, are now commonly accepted. 
Although onlinary structural formulae necessarily represent the 
atoms composing a molecule as being all in one plane, there is no 
reason to suppose that this is actuaUy the case. In methane, for 
example, the hydrogen atoms may^be supposed to be regularly 
aurai^ied in space around the ^central carbon atom : or, in other 
words, a catrbon atom may be assumed to lie at the centre of an 
imaginary regular tetrahe^on, the valency bonds being directed 
towards the comers. This being granted, it will be seen that the 
molecule of an organic compound should be represented, not by a 
formula drawn on a plane surface, but by a solid figure ; that is, by 
a spaoial or stereo formula. 

^ Some optically active compounds are known which owe their activity 
to an asymmetric atom other than carbon. ThejPare, however, comparatively 
few in number, nind of little importance. 
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Now* provided that two or more of the groups or atoms attached 
to a carbon atom are identical, then no matter at which corner of 
the imaginary tetrahedron each atom or group is placed, the same 
solid figure results. If, on the other hand, the four atoms or groups 
are all different, then two arrangements are possible. In the case 
of lactic acid these two arrangements are : 



I . II 


(I.) and ^II.) are not identical solid figures, and cannot be 8U|)er- 
imposed on one another. They arc related as is an object to its 
image in a mirror, or a right-hand glove to a left-hand glove. Such 
pairs of objects are known as enantiomorphs. It> is assumed that 
one of these stcrco-formulfle represents sarco -lactic acid, and the 
other a chemically identical compound of equal but oi)po8ito optical 
rotation. Ordinary inactive lactic acid is a mixture of thest^ two 
stereoisomers in equal proportions. If this be so, it should bi» 
possible to separate ordinary lactic acid (the dl- mixture) into its 
two optically active components. This can actually be done, but 
only with considerable ifficulty, sinct^ the two active fornjs are 
identical, not only in chemical projierties, but also in such physical 
proi)ertie8 as melting-point, boiling-j)oint, and solubility. 

Resolution of dl- mixtures.— Many naturally occurring compounds 
containing asymmetric carbon atoms are oj)tieally active. When 
such compounds are made synthctieaUy, starting from comjwimds 
containing no asymmetric carbon atom, the product is nearly always 
optically inactive, since the d- and I- forms are pr(Klueed indiscrimin- 
ately, and consequently in equal projwrtions. Further, many 
optically active compounds are readily converted into the inactive 
dl- mixture on heating or under the influence of various reagents, 
this process being known as iftcemisation. It is often neeossory to 
separate such dl- mixtures into thttr two components, the process 
being known as resolution. The more important methods employed 
in accomplishing this will now be briefly explained. 

1. Mechanical Separation . — The two components of a solid 
dir mixture differ slightly in crystalline form, being, in fact, enantio- 
morphous ; and, provided that the crystals are sufficiently large, 
it is sometimes possible to pick out the d- and the I- crystals separ- 
ately from the mixture. In this way it has been found poijsible to 
resolve lactic acid by crystallisation of its zinc ammonium salt, and 
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racemic acid (p. 297) by crystalliflation of its sodium ammonium 
salt. The metnod is, however, of very limited application. 

2. Action of Organisms.— Cert&m. living organisms dssimilate 

and decompose one component of certain dl- mixtures, leaving the 
other component behind. Thus a solution of ordinary ammonium 
lactate (inactive) is rendered optically active by allowing PenicilUum 
glaucum to grow in it, owing to the fact that the mould assimilates 
the I- form more rapidly than the d- form. By such methods as this 
it is, of course, only possible to isolate one component of a dh 
mixture, since the other is decomposed. , 

3. Use of Optkally Active Compounds. — This is a widely used 
I and general method for the resolution of dl- acids and bases. If a 

dl- acid, for example, is combined with a d- base, two compounds are 
produced ; the process can be represented as follows : 

2(d- base) + {d- acid + 1- acid) — >d- base . d- acid + d- base . I- acid. 

The two compounds on the right-hand side of the “ equation ” are 
not enantiomorphous ; unlike enantiomorphs, they differ* from one 
another in melting-point, boiling-point, solubility, and other physicfd 
properties, so that, as a general rule, it is possible to separate them 
by the ordinary Inethods of fractional crystallisation or distiUation. 
Once this has Wn done it is only necessary to hydrolyse the two 
products, when one yields the d- and the other the I- form of the 
original dl- acid. A dl- base can be resolved in a similar manner by 
combining iji with an optically active acid. 

dl- Lactic acid has been resolved by this method, by fractional 
crystallisation of its strychnine salt. 

Isomerism of the Tartaric Adds.— An inspection of the structural 
formula of tartaric acid (p. 288) will show that the molecule contains 
two asymmetric carbon atoms. By the aid of solid models it can 
be shown that such a molecule can exist, theoretically, in three 
different sttTeo-forms, These forms may bo conveniently repre- 
sented as plane projections, thus : 


COOH 

COOH 

COOH 

h-<!^-oh 

HO— i-H 

HO— (L-H 

HO— i-H 

1 

H— i-OH 

1 1 

HO-i-H 

1 

COOH. 

COOH. 

COOH. 

I. 

II. 

III. 


These are what may be termed configurational formulcBt since 
they attempt to show, not only the way in which the atoms are 
linked together, but also the actual connguration of the molecule, 
that is, the arrangement of the atoms in space. 

Formulse I. and II. are enahtiomorph^sly related, and it may 
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be assumed that they represent respectively a d- and an U form of 
tckrtaric acid. A mixture of the two in equal proportions \vould 
constitute an optically inactive dl- mixture. 

Formula HI. represents a molecule which, although containing 
two as 3 rmmetrio carbon atoms, has a plane of symmetry, and would 
therefore be optically inactive. In other words, it may be said 
that the optical rotational efiFect of one Asymmetric carbon atom is 
counterbalanced by the opposite effect of the other ; so that the 
molecule is optically inactive by “ intenial com})en8ation ”, as dis- 
tinguished from the dl- mixture of I. and II., which is inactive by 
“ external compensation ”. 

All these forms of tartaric acid actually exist, and in addition 
there is known a substance called racemic acid, which is simply a 
definite crystallographic compound of the d- and Z- forms, as die^ 
tinguished from the mere dl- mixture, in which (‘ach component 
retains its own crystallographic identity. 

d- Tartaric acid (Formula I.) is tlie ordinary tartaric acid of 
the Pharmacopoeia, and has been previously d(‘scrib(‘d (p. 289). 

I- Tartaric acid (Formula II.) has l^een made by resolution of 
racemic acid (sec below). It is identical with the d- form in chemical 
and physical properties, except that it rotates the j)lanc of polarisa- 
tion to an equal extent to the left, and that its crystalline form is 
slightly different. * 

Racemic acid is the product actually obtairu'd when symmetrical 
dibromosuccinic acid is heated with silver hydroxide and water. 
It differs from the d- and Z- acids in crystiilline form, soKibility, and 
other physical pro]K'rties. 

Racemic acid has IxH'n resolved by Pasteur by the^ following 
method: Sodium ammonium racemate, NalNHilfyiiOg, 2H2(), can 
bo easily prepared by mixing solutions of racemic acid, sodium 
hydroxide, and ammonium hydroxide, and crystallising the salt 
from the hot solution. It is a crystallim* solid, which differs in 
physical properties from both d- and Z- sodium ammonium tartraU's. 
If, however, a solution of sodium ammonium racemate’ is allowed 
to crystallise below 27^, the product consists, not of the racemate, 
but of a mixture of d- and Z- sodium ammonium tartrates, the 
crystals of which are deposited side by side. The two kinds of 
crystals thus obtained are slightly different, Ix’ing relat’d as an 
object to its mirror image ; by careful sorting they can lx> separated, 
after which d- tartaric acid &n Ix^ lilxTat<‘d from one kind and 
Z- tartaric acid from the other. 

Mesotartaric acid (Formula III.) is the int<Tnally comjx'iisated 
compound, and cannot therefore be resolved into opti(*alIy active 
components. It is formed, together with some racemic acid, when 
ordinary d- tartaric acid is heated with w aUT in sealed tubes. It 
differs considerably from racemic acid and from the two active acids 
in crysts^fiine form, melting-point, solubility, and other physical 
properties. 
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Geometrical Isomerism 

In the case of certain unsaturated compounds a form of stereo- 
isomerism is met with which can be best illustrated by a familiar 
example. 

Malic acid (p. 287) ca^i exist in either of two optically active 
forms, or as Sk dl- mixture. If any of these varieties of malic acid is 
heated, a mixture of two unsaturated acids, called respectively 
maleic and fumaric acids, is produced. These two acids are very 
similar in chemical properties, and their reactions point to therfact 
that they both have the same structural formula, namely, 

CH.COOH 

II 

CH.COOH. 

Now maleic and fumaric acids differ widely in physical properties. 
Their isomerism is of quite a difftTent tyjie from that of optical isomer- 
ides, since neither of them is optically inactive, nor do their fnolecules 
contain asymmetric^ carbon atoms. On reduction, they both yield 
CIJa.COOH 

succinic acid, | , which only exists in one form, so that 

CHj.COOH 

the isomerism is evidently connected in some way with the presence 
of the double bond in the molecule. 

It is l)ol!eved that in the case of a compound like siiccinic acid, 
in which the carbon atoms are connected by a single bond, the 
atoms or groups attached to each carbon atom are frc'o to rotate 
about the single bond as axis. In the case' of maleic or fumaric 
acid, in which two carbon atoms are joined by a double bond, this 
free rotation is prevented, so that two stable coniigurational arrange- 
ments are possible, one of which must represent maleic acid and the 
other fumaric : 

H-C~-COOH H-C~-C00H 

II ' II 

H-C-COOH. COOH-O-H. 

I. n. 

Now although the two acids are* very similar in chemical pro- 
perties, they differ in one veVy important respect. On heating, 
fumaric acid sublimes unchanged, but maleic acid is converted into 
CH.COv 

maleic anhydride, ^0. This fact is evidence of a close 

proximity of the — COOH groups in maleic acid, which is therefore 
represented by Formula I., Formula II. being reserved for fumaric 
acid. 

It should^ be noted that this type of i&omerism is only possible 
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when two different atoms or group are attached to each of the 
carbon atoms joined by the double bond. Thus : 

H — C — H H — C — H 

ethylene, || • and propylene, || 

H-C-H, ^ H-CV-CH,, 

can exist in only one form, although two synmietrical dimethyl 
ethylenes, 

H-C-CH3 H-^C-CHs 

II ' and II 

H-O-CH, CH3-C-H, 

are capable of existence. 



CHAPTER XXVI 

THE CYANOGEN COMPOUNDS 

Jhe cyanogen compounds, some of which are of considerable 
importance, contain the univalent cyanogen radicle — (SN or 
— CN. This, like the alkyl and other radicles, oftcm passes un- 
changed through a series of reactions, and in this way behaves 

CN 

very much like a single element. Cyanogen itself, 1 op C 2 N 2 , is 

CN 

not a substance of great importance, but is of theoretical interest, 
as being the simplest compound of this class. 

« 

Hydrocyanic Acid, HCN 

Hydrocyanic acid is fairly widely distributed in Nature, and 
occurs in cofnbination in many plants, in the form of “ cyanogcnetic ” 
glucosides, such as amygdalin and pnilaurasin (p. 382). These 
glucosides, on hydrolysis with water in the presence of certain 
enzymes, yield free hydrocyanic acid. Hydrocyanic acid is present 
in small quantities in (Tude coal-gas. 

Preparation. — (1) Hydrocyanic acid can be prepared from its 
elements by strongly heating carbon in an atmosphere of hydrogen 
and nitrogen : 

2 C+Na+H 2 = 2 HCN. 

(2) It is formed when ammonium formate (or formamide) is 
heated, in presence of phosphorus pentoxide as a dehydrating 
agent : 

H . COONH 4 = H . CO . NHa + H 2 O, 
H.C 0 .NH,==HCN+H 20 . 

(3) It is liberated when most metallic , cyanides are treated with 
a dilute acid : 

KCN-t-HG-Ka-hHCN. 

(4) In the laboratory it is prepared by heating potassium ferro- 
oyanide with dilute sulphuric acid ; ^ 

2K4Fe(CN), 3H,S04 - FeK,Fe(CH)e + 3K,S04 + 6 HCN. 

» Cf. p. 306. 

SOO 
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The m&tiire is gently heated in a retort connected by means of an 
efficient condenser to a receiver cooled in ice. The distillate consists 
of a mixture of hydrocyanic acid and water, from which the pure 
acid can be obtained by fractional distillation and dehydration over 
anhydrous calcium chloride. 

Properties. — ^Anhydrous hydrocyanic acid is a colourless, very 
volatile liquid, which boils at 25^^, is miscible with water, and has 
an odour resembling that of crushed bitter almonds. Ik*ing very 
poisonous, the anhydrous acid is dangerous to handle, and it is 
therefore usually mot with in the form of dilutt' aqueous solutions. 

Hydrocyanic acid is rapidly hydrolysed by hot dilute mineral 
acids, with production of ammonium ftn-maU^ : 

HCN + 2H20 = H.C00NH4. 

This hydrolysis takes place slowly when an a([ueou8 solution of tie 
acid is kept for a long time. 

Hydrocyanic a(;id is a very feebh* acid. Its solutions turn blue 
litmus a dull claret colour, and its salts are dccomiMJscd by mineral 
acids, aiid even by carbonic acid. For example : 

KON 4 HjO + CO2 HCN + K HCO3. 

For this reason most metallic cyanides deve lop ‘a strong odour of 
hydrocyanic acid on exposure to air. . 

Hydrocyanic acid is generally lK*lieYe<l to have the structure 
H — C=N, or H.C : N, the hydrogen and nitrogen atoms being both 
directly linked to the carbon atom. 

ACIDUM HYDROCYANICUM DILUTUM 

Diluted Hydrocyanic Acid, HC’N. (Mol. Wt. - 27.) 

Syn. Dilute Prussic Acid 

This is an aqueous solution containing 2 |xt cent by weight of 
HCN, and having a six'cific gravity of U’997. It is prepared by 
distilling a mixture of potassium ferrocyanide with dilute 8uly)huric 
acid, and diluting the distillate to the reqiiired strength. It should 
be stored in a dark place, in small, inverted-stopi)ered bottles of 
amber-coloured glass 

Tests for Impurities. Insoluble Mailer. — 5 mils, evaporated in 
a platinum dish (in a fume-cupboard), should leave no appreciable 
residue. • 

Other Acids. — It should bo only slightly acid to litmus. 

Sniphaie. — Add hydrochloric acid and barium chloride. There 
sho^d be no more than a faint turbidity. 

Chloride. — Boil in a fume-cupboard with an efficient draught 
until the hydrocyanic acid is expelled. Add nitric acid and silver 
nitrate, when there should be not more than a slight opalescence. 

^ Scheele's PruBsic Acid, somotimefl mot with in commerce, coniains 4 per 
cent of HCN. 
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Qiuntltatlve 8 little silFer nitrate be adcTed tn « 

BOlution of poimmm eymde, the pncipitate cjmide Zt 
iotmed diBSolves in the excess of potassium oyam'de to form a 
Bo\\x\Ae double salt : 


(i.) AgNOs-hKCN^^AgCN+KNOs, 

(iL) AgCN+KGN =AgCN,KCK 

When all the cyanide has been converted into the double Balt, the 
further addition of silver nitrate produces a permanent precipitate 
of silver cyanide : • 

. (iii.) AgCN,KCN + AgNOj = 2AgCN + KNOj. 

If, therefore, a solution of potassium cyanide be titrated with 
Bthndard silver nitrate, a perpianent precipitate is first formed when 
the reactions represented by equations (i.) and (ii.) are complete. 

Diluted hydrocyanic acid can be estimated by adding excess of 
potassium or sodium hydroxide, and titrating the resulting solution 
of potassium or sodium cyanide with standard silver nitrate. It is, 
however, more usual to employ ammonium hydroxide for rendering 
the solution alkaline. In this case, owing to the solubility of silver 
cyanide in ammonium hydroxide, a little potassium iodide must be 
employed as indicyitor, the end-point being indicated by the first 
appearance of a precipitate of silver iodide. 

Measure 5 mils of diluted hydrocyanic acid from a burette, 
dilute to about 50 mils, and add about 5 mils of 10 per cent 
ammonium hydroxide and a few drops of wtassium iodide solution. 
Titrate slowly with N/10 silver nitrate until a permanent opalescence 
is produced (this can be best observed by placing a piece of black 
paper under the titration flask) : 

AgNOg + 2NH4CN = AgCN,NH4CN + NH4NO3, 
AgNO,s2NH4CN = 2HCN, 

170 -64, 

1000 mils N/1 AgN 03 = 64 grammes of HCN, 

1 mil N/10 AgNOg- 0-0054 gramme of HCN. 


Aqua Laurocerasi (p. 3) is estimated in the same way. Take 
60 mils for each titration. 


The CyaniiJbs 
* 

Potamum cyanide, KCN, can be prepay by passing the vapour 
of anhydrous hydrocyanic acid into alcoholic potash . The potassium 
oyaniae, being insoluble in alcohol, is deposited in crystals ; 

• KOH + HCN=KCN-hH,0. 

It is manufactured by strongly heating potassium ferrocyanide out 
of contact with air, and by other methoos : 

. K4Fe(CN)3-F^,-H4KCN+N,. 
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Potassium cyanide is generally , met with in the form of whits 
crystaUine lumps, which on exposure to air develop a strong odoui 
of hydrocyanic acid. It is easily soluble in water, forming an 
alkaUno solution, and is very poisonous. Dilute mineral acids 
decompose it, with evolution of hydrocyanic acid : 

2 KCN +HjS 04 = 2 HCN+KjS 04 . 

Fused potassium cyanide is a powerful reducing agent, and 
readily takes up an atom of oxygen to form potassium cyanate, 
KOCN. For this reason it is sometimes employed in (pialitative 
analysis to assist the formation of metallic beads by heating metallic 
oxides on charcoal : 

KCN+PbO=KOCN + Pb. 

Solutions of potassium cyanide are employed for the extraction of 
gold from its ores. 

Silver cyanide, AgCN, is formed as a whitti piecipitate when 
silver nitrate is added to a solution of potassium cyanide. It is 
readily soluble in ammonium hydroxide, but is insoluble in dilute 
acids. Concentrated nitric acid slowly dissolves it on boiling. 

When strongly heated, silver cyanide is decom^josed into int‘tallic 
silver and cyanogen, O2N2 : 

2AgCN-2Ag+C2N2. 

Cyanogen is a colourless, poisonous gas, with an odour recalling 
that of hydrocyanic acid. It burns with a ]H‘aeh-coV)ured flame, 
with formation of carbon dioxide and nitrogen : * 

C2N2 + 202 = 2C02 + N2. 

Mercuric cyanide, Hg(CN)2, is prepared by dissolving mercuric 
oxide in dilute hydrocyanic acid : 

HgO + 2 HCN =Hg(CN)2 + HgO. 

It is a colourless crystalline compound, which, like silver cyanide, 
decomposes on heating with evolution of cyanogen : 

Hg{CN)2=Hg + C2N2. 

Mercuric cyanide is peculiar in that its aqueous solutions give no 
precipitate of mercuric iodide on addition of potassium iodide, or 
of silver cyanide on addition of sili^^r nitrate*. 

The alkyl cyanides, or nitriles, are compounds of considerable 
theoretical interest. They are formed wh(*n the ammonium salts or 
amides of the fatty acids are distilled with phosphorus pentoxide ; 
for example : * 

CH3 . COONH4 = CH, . CO . NH, + H, 0 , 
CHj.CO.NHj^CHj.CN + HjO. 

Methvl 

oyanide. 
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• , 

They can also be prepared by heating the alkyl halogen compounds 
with potassium cyanide : 

CABr + KCN ^CjjHj.CN + KBr. 

The alkyl cyanides are colourless liquids. They are readily 
hydrolysed by boiling dilqte alkalies, with evolution of ammonia 
and formation of a salt of the corresponding fatty acid : 

C Hg . CN + KOH + HgO = CHg . COOK + NHg. 

On reduction, they yield primary amines (p. 309) : 

CgHg . CN + 4H = CjHg . CHjj . NHj. 

Propylamine. 

The alkyl iaocyanidea or iaonilrilea^ sometimes known as carbyl- 
aminea, are isomeric with the nitriles. They are formed when a 
primary amine is warmed with chloroform and alcoholic potash : 

CH, . NHg + 3KOH + CHCI3 = CHg . N C + 3KC1 + 3HfO. 

The isonitriles are volatile liquids, and have a disgusting odour. 
They differ from the nitriles in that the alkyl group and the remain- 
ing carbon atom are both directly joined to the (quinque valent) 
nitrogen atom, ^rhis explains the fact that, when boiled with 
dilute mineral acids, the isonitriles are split up, with formation of 
formic acid and an amine : 

" CHg . N . C + 2H,0 - CHg . NHg + H . COOH . 

Teata for Cyanidea. — (1) Most soluble cyanides, on treatment 
with dilute hydrochloric or sulphuric acid, evolve an odour of hydro- 
cyanic acid. 

(2) A solution of a cyanide gives, on addition of excess of silver 
nitrate, a white precipitate of silver cyanide, insoluble in dilute 
nitric acid, but readily soluble in ammonium hydroxide. The 
precipitate slowly dissolves in hot concentrated nitric acid (dis- 
tinction from chloride). 

(3) A solution of a cyanide, when boiled with ferrous sulphate 
and sodium hydroxide, is converted into a ferrocyanide : 

Fe(OH), -i-6NaCN =Na4F;p(CN)e +2NaOH. 

On acidifying the solution with dilute hydrochloric acid and adding a 
few drops of ferric chloride a precipitate of Prussian blue is produced. 

' Ferro- and Ferri-cyanides 

When potassium cyanide is added to a solution of a ferrous salt 
« white precipitate of ferrous cyanide is produced : 

FeSO, +2KCN =K,S04 +#e(CN),. 
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This precipitate is readily soluble in excess of potassium cyanide, 
with formation of potassium ferrocyanide : 

Fe(CN)a + 4KCN = K 4 Fe(CN).. 

Potassium 

ferrocyanide. 

Potassium ferrocyanide may be regarded as a compound of potas- 
sium cyanide and ferrous cyanide, of the formula 4KCN,Fe(CN)g. 
It is not, however, merely a double salt, since it fails to n'spond to 
many of the ordinary tests for cyanides or for ferrous salts ; thus, 
its aqueous solution yields no precipitate of silver cyanide on addition 
of silver nitrate, and the iron cannot bo precipitated by ammonium 
hydroxide. These and other considerations point to the fact that 
potassium ferrocyanide is the potassium salt of hydroferrocyanlc 
acid, H 4 Fe(CN) 4 , the Fe atom and the — CN groups being present 
as part of the complex acidic radicle, Fe(CN) 4 . HydrohTrocyanic 
acid itself is precipitated in small colourless needles when con- 
centrateijj hydrochloric acid is added to a solution of a ferrocyanide : 

K4Fe(CN)e + 4HCI = H4Fe(CN)e + 4KC1. 

Hydroferro- 
cyanic acid. 

Certain oxidising agents convert potassiuiu n^i.’ocyanide into 
potassium ferricyanide, K 3 Fe(CN) 4 . This change may be repre- 
sented as simply involving the oxidation of the iron from the ferrous 
to the ferric state : 

4KCN,Fe(CN)g— >3 KCN,Fc(CN)3. 

Potassium Potassium 

ferrocyanide. forncyanido. 

But potassium ferricyanide, like the ferrocyanide, does not give the 
ordinary reactions of cyanides or of iron salts, and it should be 
regarded, not as a double salt of the formula 3KCN,Fe(CN)3, but 
as the potassium salt of hydroferricyanic acid, H 3 Fe(CN) 4 . 

Potassium Ferrocyanide, K 4 Fe(CN)j. — ^This compound is an 
important article of commerce. It can bo easily and cheaply manu- 
factured, and is therefore employed as the starting substance for 
the preparation of many other cyanogen comixjunds. 

Potassium ferrocyanide is formed when ferrous hydroxide is 
boiled with a solution of potassimm cyanide, as in the test for 
nitrogen (p. 190) : 

Fe(OH)g + 6KCN - K 4 Fe(CN)e + 2KOH. 

It is manufactured by melting together in iron vessels a mixture 
of potassium carbonate, iron filings, and nitrogenous organic sub- 
stances such as hoof -shavings, animal hide, or dried blood. The 
melt is allowed to cool, extracted^with boiling water, filtered, and 
the filtrate is evaporat^ and allo\^ to crystaliise. ^ 
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The changes which occur during these processes are complex. 
It may bo assumed that the potassium carbonate and the iron react 
with some of the carbon and nitrogen present to form a mixture of 
ptassium cyanide, KCN, and ferrous cyanide, re^CN),. On 
boiling the product with water, these two cyanides combine to form 
potassium ferrocyanide : ^ 

4KCN + Fe(CN)2 - K4Fe(CN)e. 

Considerable quantities of potassium ferrocyanide are now 
manufactured from hydrocyanic acid obtained from crude coal-gas. 

Potassium ferrocyanide forms yellow crystals, containing 3 
•molecules of water of crystallisation. It is fairly readily soluble 
in water. When strongly heated it decomposes, with formation of 
pbtassium cyanide and iron carbide : 

K4Fe(CN)e = 4KCN + FeCj + N*. 

Potassium ferrocyanide is decomposed by warm sulphuric acid, 
the course of the reaction depending upon the concentration of the 
acid. With tlilute sulphuric acid hydrocyanic acid is produced : 

2K4Fe(CN)e*+ 3HjS04 - FeK8Fe(0N)e + 3K2SO4 + 6HCN. 

• Ferrous 

potassium 
ferrocyanide 
(Everett’s salt). 

With the concentrated acid carbon monoxide is evolved : 

K4Fe(CN)4 4- 6HaS04 + OHjO =2X^804 + FeS04 + 3(NH4)2S04 + 6C0. 

Potassium ferrocyanide gives, with solutions of ferric salts, a 
deep blue precipitate of “ ftiissian blue ”, or ferric ferrocyanide, 
Fe4[Fe(CN)j8, and with solutions of cupric salts a dark brown 
precipitate of cupric ferrocyanide, Cu2Fe(CN)4. 

Potassium Ferrioyanlde, K8Fe(CN)4.— This comjwund is made by 
the oxidation of potassium ferrocyanide. In practice, a solution 
of the ferrocyanide is saturated with chlorine gas, and the liquid is 
then evaporated to crystallisation : 

2K4Fe(CN)4 -1-0,= 2K,ye(CN)e + 2KC1. 

Potassium ferricyanide fofins dark, brownish-red crystals, 
readily soluble in water. It is a fairly powerful oxidising agent, 
being readily reduced, in alkaline solution, to potassium ferrocyanide. 

Potassium ferricyanide mves with solutions of ferrous salts a 
deep blue precipitate of “ TumbuH’s blue ”, which is apparently 
identical with I^ussian blue. In this reaction the potassium ferri- 
cyanide probably oxidises the ferrous salt to ferric, being itself 
FMUoed to potassiiun ferrooy/mide. The ferric salt the 
potassium ferrocyanide then react to form mrrio ferrocyanide. 
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Cyanatks and Thiocyanates 


Potassium cyana^, KOCN, is prepared by fusing potassium 
cyanide with litharge : 

KCN + PbO=KOCN + Pb. 

The product is extracted with dilute hlcohol, filtered, and the 
filtrate evaporated to crystallisation. 

Potassium cyanate is a colourless, crystalline compound, and is 
a sa^t of the very unstable compound cyanic acid, HOCN. When 
boiled with water it is hydrolysed to a mixture of potassium and 
ammonium carbonates : 


2 KOCN + 4H2O = K2CO3 + (NH 4 ) 3 C 03 . 

Ammonium cyanate^ NH 4 OCN, is formed, in solution, wnen 
solutions of potassium cyanate and an ammonium salt are mixed : 

2KOCN + (NH4)2S04 =2NH4()CN + K 3 SO 4 . 

If the solution is evaporated to dryness the ammonium (jyanate is 
converted almost completely into urea, CO(NH2)2. This reaction 
involves simply a rearrangement of the atoms within the molecule, 
and is therefore an example of intra-molccular Isomeric change. 
Using the commonly accepted constitutional formulai for ammonium 
cyanate and urea, it caJn be represented as follows : 


NH4.O.C N 
Ammonium 
cyanate. 


/NH. 

^NH, 

Urea. 


Potassium thiocyanate, KSCN, or jiotassium sulphocyanide as . 
it is sometimes called, is the suljihur eom])oun(l corrcsjxmding to 
potassium cyanate. It is prepared by fusing potassium cyanide 
with sulphur : 


KCN+S-KS(’N. 


Ammonium thiocyanate, NH48('N, is made by heating carbon 
disulphide with an alcoholic solution of ammonia : 

4NH3 + CSj = NH4SCN + (NH4)2S. 

It forms colourless, deliquescefit crystals. VVhim heated for several 
hours at about 150 ° it is partially coAverted into thiourea, CS(NH|)2, 
by a process of intra-molecular change which is exactly analogous 
to the formation of urea from ammonium cyanate : 

NH4SCN-aS(NH,)2. 

A solution of a thiocyanate gives, on treatment with a ferric 
salt, a deep blood >red coloration, due to the formation of ferric 
thiocyanate, Fe(SCN)3. 

AUyl l80-tlilocyanat6*CHt : CH.CH3.N : 0 : 8, is a constituent of 
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the glucoside sinigrin (p. 383), which occurs in the seeds of Brassica 
sinapoides. If the se^s are macerated with water the glucoside 
undergoes hydrolysis, under the influence of the enzyme myrosin, 
with liberation of the allyl iso-thiocyanate. 

Allyl iso-thiocyanate is a colourless liquid, with a pungent and 
characteristic odour. When brought into contact with the skin it 

causes blisters. , . t/ i i i 

Eaiimation of Allyl ho-tUocyamie in Oleum Stnapia Volame — 
This estimation depends upon the fact that allyl iso-thiocyanate 
combines directly with ammonia to form thiosinumine, C3H5,^H. 
CS.NH*, which reacts with silver nitrate, in alcoholic ammoniacal 
solution, to form allyl cyamimide^ C3H5.NH ,CN, and silver sulphicte. 
If excess of standard silver nitrate be employed, the silver sulphide 
mn be filtered off, and the remaining silver nitrate in the filtrate 
can then be titrated with ammonium thiocyanate. Weigh 2 
grammes of the oil and dissolve in sufficient alcohol (90 per cent) 
to produce 100 mils. Transfer 6 mils of this solution to a 1^-mil 
flask, add 30 mils of N/10 silver nitrate and 6 mils of Solution of 
Ammonia. Heat on a water-bath at 80^ for thirty minUtes with 
frequent shaking, cool to room temperature, dilute to 100 mils with 
water, and filter. To 50 mils of the filtrate add 4 mils of con- 
centrated nitric acid and a few drops of ferric sulphate solution (as 
indicator), and titrate with N/IO ammonium thiocyanate : 


C3H5.N : CS + NH3=C3H5.NH.CS.NH3, 

CoHb .NH . CS . NHj + 2 NH 3 -I- 2AgN03 
* ® . =C3H5.NH.CN + Ag2S-h2NH4N03, 

2AgN03^C3H5.N : CS, 

2 X 170 = 99 , 

1000 mils N /1 AgN03=49-5 grammes of C3H5.N : CS, 

1 mil N /10 AgN03=0-00495 gramme of C3H5.N : CS. 


The Pharmacopoeia requires that the oil shall contain not less than 
92 per cent wjv of allyl iso-thiocyanate. 



CHAPTER XXVII 

THE AMINES AND RELATED COMPOUNDS 

The Alkyl Amines 

The alkyl amines are derivatives of ammonia in which one or more 
of the hydrogen atoms of the NH3 molecule are disjdaced by alkyl 
groups. Amines are distinguished as primary, secondary, or tertiary, 
according as to whether one, two, or three' of the hydrogen atoms 
have been so displaced. For example' : 

Primary amine — Medhylamine, CHg.NHj. 

Secondary amine — Dimcthylamine, (CHgjgNH. 

Tertiary amine — Trimethylamine*, (CHjjgN. 

Preparation, — ( 1 ) 'Primary amines can l)e easily j)repared by 
oxidising the amides of carboxylic oeids with sexlium hy)>obre)mito 
(a solutie)!! of bromine in aqueenis sodium hyelroxiele). , In this way 
methylamine, for example, can Ije made^ fre)m acetaihiele : 

CH3 . CO , NHj + 0 - CH3. N H2 + CO3. 

( 2 ) When an alkyl haliele is heateel in a w'aleel tube with an, 
alcoholic solution of" ammonia, a mixture of ])rimary, secondary, 
and tertiary amines is j)roeluceel, the proportion e)f each elepeneling 
on the duration of heating, and othe*r e onditions. For example ; 

NH3 + CjHgBr =- C2H3 . N H3 + H Br, 

NH3 + 2C2H5Br - (CjHjljNH + 2 HBr, 

NH3 + SCjHfiBr = + 3 HBr. 

At the same time some of the tertiary amino combines with the 
excess of alkyl halide to form a com|K)und called a “ quaternary 
ammonium salt ”, in which tfie niti^ogen atom is quinque valent : 

(C,H3)3N + C3H3Br ((’ 2 H 3 ),NBr. 

Tetra-ethyl 
ainmonium 
bromide. • 

This is the most important general method for the preparation of 
amines. It suffers from the disadvantage that the mixture of 
primary, secondary, a^^d tertiarji amines obtained can only be 
separate with great difficulty. 


309 
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Properties.— The alkyl amines are generally gases or Volatile 
liquids, having a peculiar, fishy, ammoniacal odour. They differ 
from ammonia in l^ing readily inflammable. 

In chemical properties they resemble ammonia in being powerful 
monacid bases ; they turn red litmus blue, and neutralise acids 
with formation of crystalline salts : 

CHj . NHa + HCl = CH3 . NH 2 ,HC 1 , 

Methylamine 

hydrochloride. 

2 (CH 3 ),N + H,S 04 = [{CH,),N],.H^O«. 

Trimethylamine 

sulphate. 

The introduction of alkyl groups into the ammonia molecule 
actually results in an increase in basic properties. Thus the bases 
of the series 

NH3, CK3.NH2, (CHs)3NH, (CH3)3N, . 

show a progressive increase in strength from left to right. 

Primary, secondary, and tertiary alkyl amines differ in their 
behaviour towaras nitrous acid. This reagent converts primary 
aminos into alcohMs, For example : 

C3H5 . NHa + HNO* = C3H5 . OH + Nj + H^O. 

.Secondary amines react with nitrous acid to form compounds 
called nitroaamnes : 

(CaHjlaNH + HNOj - . NO + Ufi. 

Ethyl 

nitrosamine. 

Tertiary amines are not acted upon by nitrous acid. 

Amino- ACIDS 

The simpler amino-acids are derived from the fatty acids by 
displacement of a hydrogen atom of the alkyl radicle by the amino- 
group, — NH,. 

Carbamic add, amino-formic acid. NH2.COOH, does not exist 
in the free state, but many of its <Jerivative8 are known . A mmonium 
carbamate, NH1.COONH4, is one of the constituents of Ammonii 
Carbonas (see p. 91 ). 

Ethyl carbamate or urethane, NHj.COOCjHj, can be prepared by 
the action of atnmonia on ethyl chloro-formate : 

a . COOCjHj + 2 NH, « NH, . COOCaH^ -i- NH4a. 

Ethyl 

chloro-formate. 

Urethane is a crystalline solid, melting at 55*^. 



THE AMINES AND RELATED COMPOUNDS 311 

• 

Glycine, amino-acetic acid, NH,.CH,.COOH, is the simplest of 
the amino-acids, and is sometimes obtained by extracting gelatin 
or glue with dilute sulphuric acid. It can be prepared synthetically, 
in the form of its ammonium salt, by the action of ammonium 
hydroxide on mono-chloracetic acid : 

CH,a.COOH + 3 NH 4 OH -CH2(NH2).C00NH4 + NH4(1 + 3H,0. 

Glycine is a colourless, crystalline solid, melting at 235*^ ; it is 
readily soluble in water. 

Glycine contains the basic group — NHg, as well as the acidic 
group — COOH. On this account it is neutral to indicators, but is 
capable of forming salts with both acids and bases. Thus with 
sodium hydroxide it forms a sodium salt, NH j . CHj . C-OONa, and with 
hydrochloric acid it forms a hydrochloride, HGbNKj.CHj.GOOH. 

Glycine reacts with nitrous acid in the saim^ way as do the 
primary amines, the — NHj group being displaced by hydroxyl ; 
the product is hydroxy-acetic acid, or ylycollic acid, as it is usually 
called : • 

N Hj . CHj . COOH + HNOa = HO . CH* . ( X)OH + Njj + H ^0. 

Glyoollio acid. • 

Many of the more^complcx amino-acids are important ])roduetB 
of animal metabolism*, but as they are not of particular interest to 
the pharmaceutical student, they cannot Ih‘ dealt with here. 


Urea, Carbamide, C0(NH2)2 

Urea can be regarded either as the di-amid(^ of carbonic acid, 
HjCOg, or as the amide of amino-formie acid, NHg.COOH. This * 
will be clear if the formulae are writtiMi as follows : 



OH 

OH 


Carbonic 

acid. 






OH 


Amino- 

formic 

acid. 


0-C: 


,/ 


\ 


NH 

NH 


I 

2 - 


Urea. 


Preparation. -~(l) Urea occurs in human urine to the extent of 
about 3 per cent. It can be isolatecf from t his source by (‘vaj)orating 
to small bulk, cooling, and adding concentrated nitric acid. The 
precipitate of urea nitrate is collected, clissolved in hot water, and 
treated with barium carbonate to liberaU*. the urea. The solution 
is then evaporated to dryness, and the urea is senafated from the 
barium nitrate by extracting with alcohol ana filtering, when 
the urea, being soluble in alcohol, can be crystallised from the 
filtrate. 

(2) Urea is usually prepared in the laboratory by evaporating 
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a solution of ammonium cyanate, when isomeric change*’’ takes 
place : 

NH4.0CN=C0(NH,)j. 

Ammonium 

cyanate. 

As a rule, it is more convanient to employ a solution of potassium 
cyanate and ammonium sulphate in equivalent proportions. The 
solution is evaporated to dryness on a water-bath, and from the 
residue the urea is extracted with alcohol. The alcoholic solution 
LB filtered, concentrated, and allowed to cool, when the urea crystal- 
lises out. 

Properties . — Urea crystallises in colourless needles, melting at 
128 °. It is readily soluble in water and in alcohol, forming neutral 
Elutions. 

Urea can be hydrolysed by heating it with water in sealed tubes 
under pressure : 

COiNHalj + HjiO = COg + 2NH3. 

It is more readily hydrolysed by boiling with dilute alkalies or 
mineral acids. 

A solution of sodium hypobromite oxidises urea in the cold, 
with formation 0/ nitrogen and carbon dioxide : 

CO(NHa), + 3 NaOBr = COj + Nj + 3 NaBr 4 2H2O. 

On this reaction depends the “ hyjwbromite process ” for the 
, estimation of urea. The sample is shaken, in a bottle connected 
tef a nitrometer, with a solution of sodium hy])obromite containing 
excess of sodium hydroxide. The carbon dioxide is absorbed by 
the sodium hydroxide, and the volume of the evolved nitrogen can 
t be measured in the nitrometer. 

Urea has basic properties, and combines with one equivalent 
of acids to form crystalline salts, such as the hydrochloride, 
C 0 (NH 2 ) 2 ,HC 1 . Most of these salts are readily soluble in water, 
with the exception of the nitrate, CO(NH2)2,H1 n 03, which is only 
sparingly soluble. 

Ureidbs 


These compoimds are condensation products of urea with 
carboxylic acids. Simple members of this class are : 

NHj.CO.NH.CO.CHs .and ’NHj.CO.NH.CO.NH* 

Acetyl urea. Biuret 

(Amino -formyl urea). 


Dicarboxylio acids condense with urea to form, first, ureido-acids, 
and then cyclif) ureides. Thus, derived from oxalic acid, there are : 



NH.CO 


and 


Oxalyl urea. 


NH.CO.COOH 

Ozalurio add. 
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UreiAes can, as a rule, be prepai^by the action of the appropriate 
acid chloride on urea. In chemical properties they resemble the 
amides (p. 261) in that they have no decided basic or acidic pro- 
perties. Ureides are usually readily hydrolysed by boiling dilute 
alkalies, with formation of urea and a salt of the particular acid. 

Barbitonum, Barbitone, diethyl malonYl urea,^ sometimes known 
as veronalf is a synthetic ureide of considerable pharmaceutical 
importance. It is prepared by the interaction of urea with either 
the acid chloride or the ethyl ester of diethyl malonic acid : 


NHj 

coa 

1 

NH-CO 

CO 

1 

1 1 /C.H. 

->C0 C<; +2HC1, 

: 

NHj 

COCl , 

NH— CO 

Urea. 

Diethyl 

malonvl 

chloride. 

Barbitono. 


NHj COOCjH, NH-CO 

I I /C2H5 1 I yC 2Hg 

CO + 0 ( ‘ — >CO C< +2C2H5.OH. 

I : XH5 I : ^C2H, 

NHj COOCaHfi NH— CO 


Uroa. Ethyl Barbitono. 

diethyl 
malonato. 


Barbitonc is a white crystalline pow'dcr, ni(‘lting at 191®. It is 
sparingly soluble in water, forming a neutral solution. By fusion 
with sodium hydroxide it becomes split up, with formation of 
ammonia, sodium carbonate, and the sodium salt of diethyl acetic 
acid. 

.NH— COv 

' Malonyl urta, CO^ /CH,, in HoirietimcH called barbituric acid, 

^NH— CO/ 

whence the name diethyl barbituric acid, by which barbitono w known in Part I. 
of the Poison Schedule. ^ 



CHAPTER XXVIII 


THE CARBOHYDRATES 


The class of substances known as the carbohydrates includes the 
sugars, the starches, and the celluloses, all of which are important 
vegetable products. These various substances differ widely in 
physical and chemical properties, but they have in common one 
peculiarity in composition : they are all built up from the elements 
carbon, hydrogen, and oxygen, and in every case the ratio of 
hydrogen atoms to oxygen atoms in the molecule is as 2 : 1. For 
example : • 


Glucose 
Cane sugar 
Starch . 


C,HiA- 
^ 12 ^ 22 ^ 11 * 


CeHioOj. 


For this ro^on all these substances were at one time believed to be 
** hydrates of carbon”, hence the name “carbohydrate”. The 
formula for glucose, for instance, was written This view 

is now known to be incorrect, but it is convenient to retain the old 
terra “ carbohydrate ” as a general name for the sugars, starches, 
celluloses, and related compounds. 


THE SUGARS 

Numerous naturally occurring sugars are known, and they may 
be conveniently divided into two main groups, namely : 

1. The Tnonosaccharoses, all of which have the molecular formula 

2. The disaccharoseSf all of which have the molecular formula 

The vanous sugars in each group are isomeric, and differ slightly 
from one another in constitution or configuration. 

Glucose, Dextrose, Grape Sugar, C,H„Oe 

Glucose is present in large quantities in grape juice. It also 
occurs, mixed with fructose, in many fruits, and in honey. 

3U 
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It can be prepared from the “ invert sugar ” obtained by the 
hydrolysis of sucrose with mineral acids (p. 319 ). • Invert sugar, 
which is a mixture of glucose and fructose, is fractionally crystallised 
from alcohol. Glucose cr3rstallise8 out iirst, lea\ing the more 
soluble fructose in solution. 

When pure, glucose is a white crystalline powder, but it is 
more commonly met with as a thick sjTup which docs not ix'adily 
crystallise. It is easily soluble in water, and has a sweet taste, 
though not as sweet as that of sucrose. It chars readily when 
heat^ alone or when warmed with concentrated sulphuric acid, 
evolving vapours having the characteristic odour of “ burnt 
sugar ”. 

The constitutional formula of glucose is 

CHjiOH) . CH(OH) . CH(OH) . CH(OH ) . CH(OH) . CHO. 

The molecule contains four^ asymmetric carbon atoms, and the full 
configurational formula is : * 

CHj.OH 
H— L-OH 

I 

I 

CHO. 

As can bo seen from its formula, glucose is both a polyhydric alcohol 
and an aldehyde. For this reason it is a powerful reducing agent, 
and reduces both Folding’s solution and ammoniacal silver nitrates 
on warming. An aqueous solution of glucose is dextro-rotatory, 
hence the name “ dextrose ” by which it is sometimes known. 

Glucose, like other aldehydes, reacts with phenylhydrazine to 
form a phenylhydrazone : 


CHj.OH 

CHj.OH 

[CH.OH], 

[Lh.OH], 

Lh.oh 

j 

Lh.oh 

j 

CHO +NH,.NH.CeHj 

CH:N.NH.CX +H, 0 . 

Glucose. Phenylhydrazine. 

Glucose 

phenylhydrazone. 

t 

excess of pheqglhydrazine is 

• 

employed, the glucose phenyl 
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c 

‘ ydrazone is oxidised by part of the phenylhydrazine to a ketonic 
impound, which imm^iately reacts with more phenylhydrazine 
) form a compound called an osaaone : ^ 


:jh,.oh 

:H.0H +NHj.NH.CeH5 
3H:N.NH.C3H5 


CHj.OH 

[CH.0H]3 


CO +NH3.CeH3+NH3. 

t Aniline. 

H:N.NH.C3H3 

Intermediate 


product. 


CHj.OH 

I 

[CH.OH], 

Lo +NHj.NH.C,H, 

!3H;N.NH.C,H5 


CHj.OH 

ftn-OH], 

liN.NH.CjH, +H,0. 
*CH:N.NH.C,Hj 

Glucose osazone. 


A solution of glucose is readily fermented by yeast, with forma- 
tion of alcohol and carbon dioxide. 

Tests for *Oliicose. — (1) When heated alone it chars, giving an 
odour of burnt sugar. 

(2) It chars when warmed with concentrated sulphuric acid, 
but not so readily as does sucrose. 

(3) If glucose is warmed gently with Fehling's solution the latter 
is reduced, a red precipitate of cuprous oxide being formed (dis- 
tinction from sucrose). 

(4) If a solution of glucose is warmed with ammoniacal silver 
nitrate a silver mirror is produced (distinction from sucrose). 

(6) If glucose is boiled with aqueous sodium hydroxide a brown 
solution is formed, and on addition of nitric acid an odour of burnt 
sugar is produced (distinction from sucrose). 

(6) In most chemical properties glucose is very similar to lactose. 
The two sugars can be distinguished from one another by their 
appearance and physical proi^rties, but a better method of dis- 
tinction is by boiling a solution of the substance with dilute potassium 
hydroxide. A solution of glucose darkens in colour, whereas a 
solution of lactose is almost unaffected. 

' Glucose osazone (glucosazone) is prepared in the laboratory by adding 
excess of a mixture of phenylhydrazine and glacial acetic acid to a dilute 
solution of glucose, aqd warming on a water-bath. After about ten minutes 
the osazone separates in small yellcw crystals. 
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OLUCOSUM 

Glucose 

The official substance is prepared by hydrolysing starch with 
dilute mineral acids. 

It consists mainly of glucose, but the ifrcstmco of small quantities 
of other carbohydrates (chiefly dextrin) inhibits its crystallisation. 
It is an almost colourless, viscous synip, and gives the reactions 
previously described for glucose. 

Tlsts for Impurities. Metallic Componrids (Limit of).— On 
ignition, it should leave not more than 0-5 per cent of ash. 

Mature (Limit of). — 2 grammes, dried in a flat-bottomed dish 
contained in a water-oven, should not lose more than 0*4 gramme. 

Sulphite (Limit of). — Dissolve 10 grammes in a mixture of 100 
mils of water and 10 mils of N/10 iodine ; shako well, and titrate 
immediately with N/10 sodium thiosulphate, using starch mucilage 
as indicator. Not less than 6*8 mils of the thiosulphate solution 
should be»required. 

Arsenic ikmit. — 2 parts per million (p. 176). 

Quantitative Estimation. — There is no official quantitative test, 
but glucose may be estimated by titration with hijhling's solution, 
which is a standard solution prepared as follows : • 

No. 1 Solution : Copper sulphate .... 34*64 grammes. 

Concentrated sulphuric acid . . 0*60 mil. 

Distilled water to . . . 500*^0 mils, 

• 

No. 2 Solution : Sodium potassiiun tartratci . . 176 00 grammes. 

Sodium hydroxide . . . 77*00 grammes. 

Distilled water to . . . 500*00 mils. 

Mix equal volumes of Solutions I and 2 immediaUdy before use. 
The above quantities are such that 20 mils of Fehling’s solution 
are reduced by 0*10 gramme of glucose with precipitation of the 
copper as cuprous oxide. Weigh alxjut 2 to 3 ^ammes of glucose, 
dissolve, and dilute to 250 mils. Titrate this solution, from a 
burette, into 20 mils of Fchling’s solution contained in a shallow 
porcelain dish and heated on a water- bath to nearly 100®. The 
glucose solution should be run in very slowly, with constant stirring. 
The end-point is shown by the supernatant liquid changing from 
blue to colourless. 

Fructtosb, L.®vulose, Fruit Sugar, CeH,jO, 

Fructose occurs, mixed with glucose, in many fruits. It is 
prepared by separation from “invert sugar” (p. 319), either by 
fractional crystallisation from alcohol or, better, by taking advantage 
of the fact that fructose forms an insoluble compound with calcium 
hydbroxide, the correspqndinff glucose compound being readily 
soluble. Slaked lime is added, with constant stirring, to a 20 per 
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cent solution of invert sugar, and the precipitated calcium fructosate, 
C8H||Oe.Ca(OH)i, is filtered off, suspended in water, and treated 
with carbon dioxide, when calcium carbonate is precipitated, leaving 
fructose in solution. 

Fructose forms colourless cr 3 rstals, readily soluble in water, and 
in taste it is about as sweet as glucose. It chars when heated alone 
or with concentrated sulphuric acid. 

Fructose has the constitutional formula 

CH,(OH) . CH(OH) . CH(OH) . CH(OH) . CO . CH,(OH), 
and its configurational formula is : 

CH2.OH 

• H— C— OH 

H— !d-OH 
HO-!^— H 


• I 

CHa.OH. 

It is therefore a polyhydric aleohol and a ketone.^ Since the simpler 
ketones are not reducing agents, one might expect that fructose 
would have no such reducing properties as the aldehydic sugar 
glucose. The character of the kctonic >CO group is, however, so 
modified by the presence of the adjacent — CHj.OH group as to 
confer upon the molecule powerful reducing properties. Thus 
fructose, like glucose, rapidly reduces Fehling’s solution on warming. 

Fructose, on treatment with phenylhydrazine, yields a phenyl- 
hydrazone. This, with excess of phenylhydrazine, is converted 
into an osazone by reactions similar to those described in the case 
of glucose. It is interesting to note that the osazone formed from 
fructose is identical with that formed from glucose : 

CH..OH CHj.OH CHj.OH CHj.OH 

II I I 

[CH.OH], [CH.OH], [CH.OH], [CH.OH], 

I ->-| ■>•1 "^l 

CO C:N.NH.C,H, e;N.NH.C,H, C:N.NH.C,H, 

Lhj.OH Lhj.OH LhO Cai:N.NH.C,Hj. 

Fructose. Fructose Intermedia.« Glucose osaxone. 

phenyl* product, 

hydraxone. 

^ Monosaccharoses which, like glucose, contain an aldehyde group are 
sometimes called aldo^ ; those wtfich, like fructose, contain a ketone group 
are sometimes called ketoses. 
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Fructose is l®vo-rotatory, and rotates tho plane of polarisation 
to the left to a greater extent than glucose does ta the right. It 
ferments readily with yeast in aqueous solution, yielding alcohol 
and carbon dioxide. 

Sucrose, Canb Sugar, OijHjjOu 

Sucrose occurs in large quantities in the sugar-cane and in the 
sugar-beet. The juice of the sugar-cane is expressed by crushing 
betWQBn rollers ; in the case of the sugar-beet the sugar is extraett'd 
by soaking the beet, in the form of thin slices, in water. In either 
case the solution of crude sucrose obtained is boiled with a little 
milk of lime to precipitate albuminous matter, treaU'd with carbon 
dioxide to precipitate tho lime as calcium carbonate, and filtered# 
The clear filtrate is evaporated and allowed to cool, when th(^ sugar 
is deposited in brown crystals, leaving a dark mother-liquor known 
as “molasses”. If pure white sugar is required, the solution of 
brown sugar is decolorised by filtration through animal charcoal, 
and is then evaporated to crystallisation under diminished pressure 
in vacuum pans. 

Sucrose crystallises in colourless prisms. It is more soluble in 
water, and is sweeter, than glucose. When heatcMf it melts, gradu- 
ally darkens in colour^ forming “ burnt sugar ” t)r caramel, and 
finally chars, evolving vapours with an odour of burnt sugar. It 
chars very readily with concentrated sulphuric acid on gentle 
warming. ^ • 

Sucrose is dextro-rotatory in aqueous solution. It has no 
reducing pro])erties, and is without action onFehling s solution and 
on ammoniacal silver nitrate. 

If sucrose is boiled with dilute sulphuric acid it undergoes 
hydrolysis, a mixture of equal proportions of glucose and friictose 
being produced : 

Ax + H,0 - A + CeH^Oe 

Glucow. Fnjetose. 

Since fructose rotates the plane of polarisation of jxdarised light to 
the left to a greater extent than glucose does to the right, the mixture 
of sugars produced is slightly laevo-rotatory. The original sucrose 
was dextro-rotatory. Hence, during the process of hydrolysis, the 
optical rotation of the solution has undergone an inversion or change 
from dextro- to laevo-. Tho mixture of sugars prwluced is therefore 
called invert sugar. 

This hydrolysis or inversion of sucrose can also be brou^t 
about by an enzyme, invertase, which is present in yfeast. In this 
case the mixture of glucose and fructose produced is fermented by 
the action of the zymase in the yeast, forming alcohol and carbon 
dioxide. Sucrose can therefore he fermented by yeast, though not 
80 rapidly as can gd^cose^and fructose. 
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_ Tuts for Sucrue.-(p When heated it melts and thdn cha« 
pying an odour of burnt sugar. 

(2) It chats very readily when gently warmed with concentrated 
lulphuric acid. 

(3) It does not reduce Febling's solution or ammoniacal silver 
litrate (distinction from glucose). 

(4) If a littlo sucrose be inverted by boiling for live to ton 

ainutes with dilute sulphuric acid, cooled, made slightly alkaline 
ith sodium hydroxide, and warmed with Fehling'a solution, the 
Jution is reduced, cuprous oxide being precipitated. , 


SACCHARUM PURIFICATUM 

Refined Sugar. Si/n. Sucrose 

This is the purified sugar obtained from the juice of the sugar- 
me, sugar-beet, sugar-maple, or Chinese sugar-maple. 

It forms colourless crystals or crystalline masses, solijble 1-0-46 
I water, and 1-100 in alcohol. 

Tests for Impurities. Metallic Compounds (Limit of), — On 
;mtion, it should yield not more than 0-05 per cent of ash. 

Barium and Strontium . — ^Tho aqueous solution should yield no 
irbidity on addition of dilute sulphuric acid. 

Calcium . — ^The aqueous solution should give no precipitate on 
le addition of ammonium hydroxide and ammonium oxalate. 

Sulphate.-rUho aqueous solution, acidified with hydrochloric 
cid, should yield no turbidity on addition of barium chloride. 

Chloride.— The aqueous solution, acidified with dilute nitric 
cid, should not become opalescent on the addition of silver nitrate. 

Glucose , — A concentrated solution, heated on a water-bath to 
bout 82® with Fehling’s solution, should not yield more than a 
race of red or yellow precipitate. The B.P.C. states that a solution 
f sucrose should not yield more than a slight coloration when 
oiled with ammoniacal silver nitrate. 

UUramarine and other Colouring Matter .^ — It should be com- 
iletely soluble in half its weight of water, forming a clear, colourless, 
nd odourless syrup, which, when acidified with hypophosphorous 
acid and allowed to stand for twenty -four hours, should not develop 
an unpleasant odour. , 

Laotosb, Milk Suoap, CxaHjiOii 

This sugar occurs to the extent of about 5 per cent in milk, from 
which it can be obtained by adding rennet to precipitate the protein, 

^ The yellow tinge of impure sugar is sometimes masked by the addition 
of blue oolouring matter suoii as Pr^ian blue or ultramarine. The latter is 
an artifloial pigment made by strongly heating % mixture of sodium carbonate, 
kaolin, oharoc^, and sulphur. 
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casein (curds), filtering, and evaporating the clear filtrate (vhey) to 
small bulk. Lactose orystaUiaes out on cooliiu. • 

Lactose is a comparatively sparingly solume sugar, and is not 
ve^ sweet. It reduces Fehling’s solution, but does not fennent 
rea^y with yeast. It forms m osazone with phenylhydrazine. 

When lactose is toiled with dilute sulphuric acid it yields a 
mixture of glucose and a sugar caUed galaciMe : J- » 


Ci,H„Oa + H,0 = C,H„0, + C,H„0,. 

Laotoae. Glucose. Galactose. 


Tests for LM^se.—{l) When heated alone it goes brown, and 
finally chars, giving an odour of burnt sugar. 

chars when gently warmed with concentrated sulphuri^ 

(3) It reduces Fehling’s solution on wanning (distinction from 
sucrose). 

(4) Wien lactose is boiled with aqueous sodium hydroxide a 
brown soktion is formed, which, on adilition of nitric acid, gives an 
odour of burnt sugar (distinction from sucrose). 

(5) Lactose can be distinguished from glucose by its appearance 
and physical properties, and by the fact that it does not darken 
appreciably when warmed with dilute ixitassium hydroxide. 


SACCHARUM LACTIS 

Milk Sugar. Syn. Lactose 

The official substance occurs in crystalline masses or as a white 
powder, containing one molecule of water of crystallisation. Soluble 
1-7 in cold water and about 1-1 in boiling water. Unlike sucrose, it 
is practically insoluble in alcohol (90 per cent). 

TMts for Impurities. Metallic Compounds {Limit of ). — On igni- 
tion, it should leave not more than 0*25 per cent of ash. 

Lactic and other Acids (Limit of ). — 5 grammes dissolved in water 
should require not more than 1 *6 mils of N/10 sodium hydroxide for 
neutralisation, using phenolphthalein as indicator. 

Sucrose . — Shake 5 grammes well with 20 rails of alcohol (90 per 
cent), and filter. The filtrate should leave no appreciable residue 
when evaporated on a water-bJth. 

Maltose, Malt Sugar, CijHjjO,! 

Mdtose is a sugar formed by the action of the enzyme diastase, 
contained in malt, on starch. It is an intermediate product in the 
manufacture of alcohol (p. 219). 

Maltose is a crystalline solid, very readily soluble in water. It 
reduces Fehling’s solution, fermen^ readily liHth yeast, and is 
dextro-rotatory. 


u 



322 TEXT-BOOK OF PHARMACEUTICAL CHEMBSTRY 
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On boiling with dilute sulphuric Acid, maltose is converted into 
glucose ; * 

C„H„0„+H,0=2CeH„0,. 

Maltose. Glucose. 

STARCHES AND CELLULOSES 

Starch is one of the main constituents of many plants, notably 
potatoes and cereals. Much of the starch of commerce is potato 
starch, which can be prepared in a simple manner by mac^ating 
the potatoes with water and straining through fine sieves. The 
turbid liquid which passes through the sieves slowly deposits the 
starch as a white paste. 

Starch is a white, amorphous substance, composed of micro- 
scopic granules. Starches obtained from different plants do not 
differ much in appearance or in chemical composition, but they can 
be readily distinguished from one another by the appearance of the 
granules as seen under the microscope. 

Starch granules consist mainly of true starch, or*’granulose, 
surrounded by a thin layer of starch cellulose. The granules are 
insoluble in coljl water. When boiled with water they swell and 
burst, with formation of a translucent liquid, which, if sufficiently 
concentrated, Bhta on cooling to a jelly (starch mucilage). The 
liquid, which contains the granuloso in so^lution or colloidal sus- 
pnsion, can be separated from the cellulose by filtration, and, 
from the filtrate, audition of alcohol precipitates the granulose in 
the form of*^a white amorphous powder — the so-called “soluble 
starch ”, 

When starch is heated to about 200° it is converted into dextrin, 
a white powder which, on treatment with water, forms a sticky 
mucilage which is used as a' substitute for gum. 

When boiled with dilute sulphuric acid, starch is converted first 
into dextrin and finally into glucose. The enzyme diastase, present 
in malt, is capable of converting starch into maltose. 

The formula of starch is written (CeHioOsla^ since, although its 
empirical formula, calculated from the results of analyses, appears 
to M C|H]oOs, nothing is known of its molecular formula, except 
that it is some very high multiple of the empirical formula.. 

Amylum. Starch , — ^This is obtained from wheat, maize, or 
rice. The crushed grain conl^uns, In addition to starch, a 'sticky, 
nitrogenous substance known as gluten. The gluten can be 
removed, either by extraction with very dilute sodium hydroxide, 
in which it is soluble, or by macerating the grain with water and 
allowing to ^(And, when the gluten undergoes a process of fermenta- 
tion, being thus converted into soluble subst^ces which can be 
!femoved*by washing. In either case the liquid containing the 
starch in suspension is passed through sieves to remove extraneous 
matter, the starcfaT being finally collected ^n linen cloth or very fine 
otdioo and dried. 
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Siftr^ is met with as a white powder, or in irregular angular or 
columnar masses. The various oflScial varieties call be easily dis- 
tinguished by their appearances under the microscope, which are 
as follows. — 1. Wheat Starch : A mixture of large and small 
granules, the former lenticular in shape, and marked with faint 
concentric striss surrounding a nearly ^central hilum. 2. Maize 
Starch: Granules more uniform in size, frequently polygonal, 
somewhat smaller than the large ^anules of wheat starch, and 
havi^ a very distinct hilum, but without evident concentric strifis. 
3. Ripe Starch : Granules extremely minute, nearly uniform in 
size, polvgonal, without evident hilum or striae. Starch should 
be frw from wanules other than those described. The presence 
of potato starch, the most likely adulterant, can bo easily recognised, 
since its granules are very much larger than those of any of tha 
official varieties. 

Tests for Starch. — (1 ) Starch can be recognised by its appearance, 
and by the i)eculiar gelatinous mass product'd on boiling with water 
and cooling. 

(2) Stirch chars when heated alone, giving an unpleasant odour. 
It also chars when gently warmed with concentrated sulphuric acid. 

(3) The following is a very characteristic and delicate reaction : 
A very small quantity of starch is boiled with water, and the liquid 
is cooled and treated^ with a few drops of iodiAe solution. An 
intense blue colour is produced, which disappears on boiling. 

Cellulose, (CeHio05), 

Cellulose is the chief component of the cell walls of all vegetable 
tissues. Cotton, linen, and filter-paper are all fairly pure forms of 
cellulose. 

Cellulose is insoluble in water and in ordinary organic solvents, 
but is slowly dissolved by concentratt'd sulphuric acid. The 
solution, when diluted with water and boiled, yields glucose. 
Cellulose is also soluble in an ammoniacal solution of cupric 
hydroxide, and on this fact depends one of the earlier methods for 
the manufacture of artificial silk. 

The molecular formula of cellulose, like that of starch, is 
unknown. 

Gun-cotton is prepared by soaking cotton wool for several hours 
in a mixture of concentrated sulphqric acid (3 parts) and concen- 
trated nitric acid (1 part). When washed and dried it resembles 
cotton wool in appearance, but bums with a flash when a light is 
applied to it. If hit with a hammer or detonated in any way it < 
explodes violently. 

The approximate empirical formula of gun - cotton is 
q,H,o,(NO,),. , « 

Pyroxylinumi Pyroxylin^ is made by soaking cotton wool in a * 
mixture of equal parts of concentrated sulphuric and nitric acids 
for three minutes only, and then washing rree from add. It is a 
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less nitrst^ form of cellulose than gun-cotton, and has theVonroxi 

a mixturo of alcohol and ether. CoUodlnm, CoUodim, is a soln- 
“ grammes) in alcohol (260 mils) and ether 



CHAPTER XXIX 

BENZENE AND ITS HOMOLOGUBS 

Benzene, 

Benzene is a liquid hydrocarbon of great industrial importance. 

Preparation. — (1) Benzene is formed, in small quantities, when 
acetylene gas is heated in A, hard glass tube : 

By this method it could lx» built up from its (*lements, since acetylene 
can be made from carlxm and hydrogen (p. 213). * 

(2) Benzene is formed when benzoic acid is heated with soda 

lime : * 

CeHj . COOH + 2Na()H - + Na^COa + UJO. 

(3) The benzene of commerce is obtained from coBl*tar. In th( 
process for the manufacture of coal gjis, coal is “ destructively 
distilled ”, or strongly heated out of contact with air. The evolved 
vapours are passed through a scries of condensers, in which a tarry ^ 
liquid is collected, the gas pas.sing on to Ixi washed in scrubbers, 
and, after suitable processes of purification, coll(‘cted in gasometers.^ 

The liquor in the condensers sc-parates into two layers. The 
upper layer (“ ammoniacal liquor ”) is a dirty, a<jueou8 solution 
containing a high percentage of ammonium salts (p. 32). The 
lower layer is a dark brown oily liquid known os coal tar.* Coal 
tar contains a great variety of organic compounds, and is our chief 
source of benzene, toluene, phenol and the cresols, naphthalene, 

^ The approximate composition of coal gas is as follows ; 

Hydrogen . . . • . 50 per cent by volume 

Methane . . . . 35 „ „ „ 

Carbon monoxide . . . 5 „ „ „ 

lUuminants « . • 5 „ „ „ 

together with smaller proportions of other gases. The illuminants, which 
cause coal gas to bum with a yellow luminous flame, include ethylene, acetylene, 
and beoizene vapour. • 

Different samples of coal gas vary considerably in composition. 

* Pil Oarbonis Pmparatt» Prepared Coal Tar, is nrspared from commercial 
coal tar by heating at 50° isr an hour, in order to drive off the more volatile 
constituents. 
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and other important substances. These various components are 
all Mparated from the tar by an intricate process of fractional 
distillation. The lowest boiling-point fraction (below 140 °) is 
agitated, first with concentrated sulphuric acid and then with 
aqueous caustic soda, and is finally washed with water. The 
neutrid oil thus obtained consists chiefiy of benzene, and is further 
purified by fractional distillation. 

Properties . — Benzene is a colourless, very mobile liquid, of 
specific gravity 0*88. It boils at 80 °, and freezes to a crystalline 
solid when cooled to 6°. It is insoluble in water, but is miscible 
with alcohol and ether. It is very inflammable, burning with a 
yellow smoky flame. 

In chemical properties benzene differs widely from any of the 
hydrocarbons already considered. It resembles the paraffins in 
being exceedingly stable. It is unaffected by boiling cdkalies, and 
is only very slowly attacked by such powerful oxidising agents as 
potassium permanganate. It reacts slpwly with chlorine under 
ordinary conditions, yielding substitution products, such as c]iloro- 
benzene, CgH5Cl, and dichlorobenzene, CJH4CI2. Benzene differs 
from the paraffins in that it can, under certain conditions, yield 
additive product^. Thus if a miidure of benzene and hydrogen is 
passed over heated nickel, direct combination takes place, with 
^ formation of hexdhydrobenzeney : 

A most Inrportant difference between benzene and the hydro- 
carbons previously dealt with lies in its behaviour towards con- 
oentratea sulphuric and nitric acids. When benzene is boiled with 
^ concentrated sulphuric acid it is slowly converted into a substance 
called benzene sulphonic acid : 


CjH. + H31SO4 == CeHj . SO3H + HjO. 

Benzene 

sulphonic 

acid. 

If heated with concentrated nitric acid it is converted into nitro- 
C,H, + HNO, = C,H,^. NO, + H,0. 

, Nitro- 
benzene. 


ConsttUUion . — ^The molecular formula of benzene, as mven by 
analyses and molecular weight determinations, is C4H4. The six- 
carbon member of the parafi^ series is C.H14. Owij^ to the small 
number ofiiydrogen atoms in the molecule, it might appear at first 
sight that any constitutional formula for benzene must necessarily 
represent it as being highly unsaturated, and as containing a number 
of double or treble bonds. But benzene does not behave an 
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ordixuaV u^turat^ compound ; it is a verv stable compound, 
and only yields derivatives, as a ^neral rule, oy a^procees of sub- 
stitution, although, under certain circumstances, it can form additive 
derivatives. We must therefore seek for some constitutional 
formula which is capable of explaining these facts. 

Benzene is the parent sultotance of ^ large group of organic 
compounds, all of which contain six or more carbon atoms in the 
molecule. These compounds can be made to undergo various 
chemical changes in the course of which one or moreu carbon atoms 
€kre i^ometimes eliminated from the molecule. It has, however, 
been found impossible to reduce the number of carbon atoms to 
less than six without causing complete disintegration of the molecule. 
Benzene itself can be converted into numerous substitution products 
by displacement of the hydrogen atoms by various atoms or groups^ 
but, here again, it is impossible to remove a carbon atom from 
benzene without considerable difficulty and without breaking up the 
molecule. It is, therefore > evident that the molecules of benzene 
and ite derivatives contain an exceedingly stable nucleus of six 
carbon atoms. 

The mono-substitution derivatives of benzene exist in only one 
form. There is, for example, only one bromobenzene, CjHjBr, 
although three isomeric dibromobenzenes, are known. 

Further, it has been found possible, by indirect mcfthods, to prepare 
a number of samples* of mono-bromobenzeno by displacement of 
different hydrogen atoms of the molecule by bromine atoms, and 
all these samples have been proved to bo identical in every respect. 
The hydrogen atoms in benzene must, therefore, bo •symmetrically 
arranged within the molecule. 

These two important conclusions — that the l)enzene molecule 
contains a stable nucleus of six carbon atoms, and that the hydrogen 
atoms are symmetrically arranged with respect to the rest of the 
molecule — have led to the view that the molecule of benzene consists 
of a symmetrical closed chain or ring of six carbon atoms, and that 
one hydrogen atom is attached to each carbon atom, thus : 


H 

1 


1 1 • or 

CH 

ch/\ch 

hAcAh 

1 

ch'^^ch 

CH 

k 


I. 

II. 


It will be noticed th^t, in this formula, the fourth valency bond 
of each carbon atom is omitted, ^he dispositions of these fourth 
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valency bonds have riven rise to much controveray, and numerous 
formulse for benzene nave been suggested, such as : 


/X 

CH 

/;\ 

CH CH 

CH/ i \CH 

CH CH 

CH\ j /CH 

\/ 


CH 

Kekule’s 

Ladenburg’a 

formula. 

formula. 


CH 

/\ 

\CH 

CH\ 


\l 


\/ 

CH 

Claus’ 

formula. 


'GH 


A commonly accepted view is that the fourth valency bonds arc 
simply directed towards the centre of the nucleus, without actually 
linking opposite pairs of carbon atoms together : 

CH 

•/iX 

CH/ I XCH 

\ /i 

/ \ 

CH\ /CH 

\/ 

CH 

Baeyer’s contric formula. 

This last formula expresses well the exact symmetry of the molecule, 
and, whilst not representing benzene as an ordinary unsaturated 
compound, it accounts for the fact that benzene can, under certain 
conditions, add on directly as many as six univalent atoms or groups. 
For ordinary purposes the exact disposition of the fourth valency 
bonds is a question of little importance, and it is usual to employ 
the simple Formula I. or II. 

For purposes of abbreviation benzene is sometimes represented 
by a plain hexagon, the symbols for carbon and hydrogen being 
,j0ttutted. This makes it possible to write constitutional formulse 
of benzene derivatives in a greatly condensed form. For example : 

?/\ /\ 


\ 
/ 

/ 

Benzene. 


/ 


^NO. 


\ / 
\/ 

Nitrobenzene. 


/ \ci 


Chlorobenzene. 


Bei^ne and its derivatives are known collectively as the 
aromofic compounds^ as distinguished from tne open-chain or aliphatic 
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comjpcwnifo. The term “ aromatic ** originated from the fact that 
the first benzene derivatives to be studied chemicaJly were mostly 
pleasant-smelling plant products ; the term “ aliphatic ”, or fatty, 
refers, of course, to the fact that fats and fatty acids arc among the 
most typical of open-chain compounds. 

Isomeric Forms of Benzene Derivatives . — It has been pointed 
out that the mono-substitution derivatives of benzene,* such as 
nitrobenzene, 0 ^ 115 . NO 2 , can exist in only one form, since it is 
immaterial which hydrogen atom is displaced by the substituent 
atom qr group. 

The di-substitution derivatives can exist in three isomeric forms, 
according as to whether the carbon atoms to which the substituent 
groups are attached are adjacent, separated by one carbon atom, 

» or separated by two carbon atoms. These three isomeric forms * 
are distin^ished by the prefixes ortho-, meta-, and jiara-, usually 
contracted to o-, m-, and p-. To take a 8{)ecific example, there are 
three isomeric dichlorobenzepes, their names and formulae being : 



Cl 

Cl 

/.\ 

/?\ 

/.\ 

/ \C'l 

/ \ 

/ \ 

6 'J 

1 ! 

•1 


.3 31 

»C1 

in :il 

\ , / 

• \ / 

\ / 

\y 

\‘/ 

V/ 

Cl 

o-Dichloro- 

m*Dichloro* 

p-Dvhfbro* 

benzono. 

benzene. 

benzene. 


An inspection of these formulae will show that any di -substitution 
derivative of benzene can only exist in these three isomeric forms. 
Instead of the terms ortho, meta, and para, the relative positions 
of the substituent groups are sometimes indicated by numbers. 
Thus the three dichlorobenzenes may ho named as follows : 

1, 2-Dichlorobenzene (ortho). 

1, 3-Dichlorobenzene (meta). 

1, 4-Dichlorobenzene (para). 

Tri- and tetra-substitution products of benzene can also exis 
in isomeric forms, and in these cases the isomers are nearly alway 


distinguished by numbers ; for i^xample : 


Br 

e 

Cl 

/\ 


/\ 

/ \ 


/ \no, 

bJ Br 


1 • 

\ / 


\ / 

\/ 


Vo. 

1, 3, 5-Tribromobenzene. 

l>Cbloro-2, 4-Diniirobenzene. 


M2 
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Benzenum. This is required to have a specific 

gravity from *0*880 to 0*887, and 96 per cent of it should distil 
between 79° and 82°. It should solidify when cooled to 0°, and 
should not entirely remelt below 4°. 


Homologues of Benzene 

The homologues of benzene contain one or more alkyl groups in 
place of hydrogen atoms. A t 3 rpical example is ethyl benzene, 
U®Hj.CH2.CH8 : 

CHj.CHa 



Ethyl benzenp. 

A molecule like this can be seen to consist of two parts, *which may 
be described as the nucleus or ring, and the side chain. Even when 
the alkyl group contains only one carbon atom, as in toluene, 
CfHs.CHj, it is often referred to as the “ side chain 

Toluene, mJthylbenzene, CeHj.CHg, is, the first homologue of 
benzene. It occurs in considerable quantities in coal tar, and this 
is the source from which it is usually obtained. It can, however, 
be prepaH'd. from benzene by the following important synthetic 
metnods : 

1. Reaction of Friedel and Crafts . — Dry benzene is treated with 
a methyl halide, in the presence of anhydrous aluminium chloride 
as catalyst : 


CA + CH 3 Br ^CjHj.CHj + HBr. 


2. Fittig's Reaction . — A mixture of a mono-halogen derivative 
of benzene with a methyl halide is treated with sodium : 

C^HjI -h CH 3 I + 2Na « C,H 5 . CH 3 + 2NaI. 

These two reactions are jijeneral methods for the synthesis of 
aromatic hydrocarbpns, and by employing different alkyl halides 
various homologues of benzene can he prepared. Fittig’s reaction, 
it should be noted, is similar to the WUrtz method (p. 206) for the 
preparation jof ethane. 

Toluene is a colourless liquid with an odour very similar to that 
of benz^e. Specific gravity, 0 * 88 ; boiling-point, 110°. It is 
inflammable, and bums with a smoky flame. 

Toluene closely resembles . benzene «in many of its chemical 
properties. It slowly reacts with chlorine or bromine, forming 
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Bubstitution products (p. 205 ). When heated with nitric acid it 
yields a mixture of o- and p-nitrotoluenes : • 


ca 



Toliiono. 



o-Nifrotoluone. 


ClI. 



NOa 

p-Nitrotoluono. 


Similarly, when heated with sulphuric acid, it yields a mixture of 
0- and p-toluene sulphonic acids, 0^1X4(0113). SOgH. 

Toluene differs from benzene in that it is comparatively easily 
oxidised by prolonged boiling with potassium permanganate 
solution, the methyl group being converted into — OOOH : 

O3H5 . OH3 + 30 = OeHj . OOOH + H ^O. 

Benzoic acid. 


Most benzene homologues can be oxidised to carboj^lic acids in 
this way, each side-chain, no matter how long, being oxidised to 
— OOOH. Thus ethyl benzene, like toluene, is oxidised to benzoic 
acid : 

O4H5 . OH2 . OH3 + 60 - OeHg . OOOH + COg + 2 Ufi. 


Ethylbenzene, O3H5.OH2.OH3, is isomeric with the three 
dimethylbenzenes or xylenes, 05H4(0H3)2. All these compounds 
are volatile liquids, very similar in properties to toluene. Ethyl 
benzene can be prepared from benzene and ethyl bromide by 
Friedel and Orafts’ reaction : 


O5H5 + 02H5Br = 0eH5.02H5 +HBr. 

o-Xyleno is best prepared from o-broi®otoIuenc and methyl bromide 
by Fittig’s reaction : 

05H4(0H3)Br -f- OHgBr + 2 Na = OeH4(OH3)a + 2 NaBr. 

m- and p-xylenes can be made in a similar way, usinf m< and 
p-bromotoluenes. 

Mesltylene, l, 3 , 5 *trimethylbenzene, 03H3(0H3)3, is a particularly 
interesting hydrocarbon, ms its method of preparation forms a 
connecting link between the aliphatic and aromatic compounds. 



t 
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It is made by distilling acetone with fairly concentrated 'sulphuric 
acid : * 


CH, 


/ 

CH, 


CO 




CO. 


\. 


CH, 


CH, 


CH, 


CH, 

/^\ 


CH,\ /CH, 

\/ 

Mesitylene. 


+ 3H,0. 


Cymene, p-methyl-isopropylbenzeno, C*H 4 (CH 3 )CsH 7 , occurs in 
•Oleum Ajowan and certain other essential oils : 


CHa^ ^CHa 



CHa. 

Cymene. 


Thymol (p. 361) is a derivative of cymene, and the terpenes (p. 373) 
are more distantly related to it. 



CHAPTER XXX 


HALOGEN, SULPHONIC, AND NITRO DERIVATIVES 
OF THE AROMATIC HYDROCARBONS 

The Aryl Radicles. — The univalent groups of atoms derived, 
theoretically, from benzene and its homologues by the loss of a 
hydrogen atom are called the aryl radicles. The aryl radicles thus 
b^ the same relationship to the benzene hydrocarbons as the alkyl 
radicles bear to the paraffins. The more important aryl radicles are 
as follows : 

• 

Phenyl, — derived from benzene, Cjl^. 

o-Tolyl, C0H4(CH3) — t derived from toluene, C^Hj.CHa, by re* 
m*Tolyl, C4H4(CH3) — \ moval of a hydrogen atom from the 

p-Tolyl, C4H4(CH3) — j nucleus. 

Benzyl, C4H5.CH3 — derived from toluene by soffioval of a 
hydrogen atom from the side-chain. 


Halogen Compounds 

Action of Chlorine on Benzene . — When benzene is subjected to 
the action of a stream of chlorine gas at ordinary temperatures, and 
in the absence of strong sunlight, a number of substitution products 
are formed, just as in the action of chlorine on methane. Among 
these products are chlorobenzene, C.H^G, and 0* and p-dichloro- 
benzenes, C4H4CIJ. The velocity of the reaction is greatly increased 

S the presence of a trace of iodine or a little metallic iron or 
iminium, all of which act a^ catalysts or “ halogen carriers ”. 

If, however, benzene is treated ^th chlorine in bright sunlight, 
additive products are formed. For example : 


CeHe + Saj^CgHA. 

Benteno 

hexa« 

chloride. 

Actum, of Chlorine ogt Tofuens.—When toMene is treated with 
chlorine at ordinary temperatures, and in the absence of direct 
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sunlight, it is slowly converted into a mixture of o- and {)-chloro- 
•/CH 3 

toluenes, CeH/ , by displacement of hydrogen atoms of the 

nucleus. As in the case of benzene, the reaction proceeds much 
more rapidly in the presence of a carrier. 

When toluene is treated with chlorine at boiling-point, or in 
(right sunlight, substitution takes place in the side-chain, with 
crmation of a mixture of the following products, the proportion 
f each depending upon the duration of chlorinatiop : 

Benzyl chloride . . . CgHj.CHja. 

Benzal dichloride . . . CeHj.CHCla. 

Benzo -trichloride . . . CjHj.CCls. 

Other homologues of benzene behave in a similar way. If 
chlorinated in the cold, in absence of bright sunlight, and preferably 
in presence of a carrier, substitution t^kes place in the nucleus ; 
but if chlorinated at boiling-point, or in bright sunlight, substitution 
takes place in the side-chain. ' 

Bromine reacts with benzene and its homologues in a precisely 
similar way to chlorine. Iodine, on the other hand, is usually 
without action on aromatic hydrocarbons. 

, Preparation Halogen Compounds. — Aromatic compounds mth 

the halogen in the nucleus can be most conveniently prepared by one 
of the following methods : 

1. Fron^ the solution of a diazonium salt, by Sandmeyer’s 
reaction (p. 3^4). 

2. By the action of a halide of phosphorus on a phenol (p. 347). 

Aromatic compounds unth halogen in the side-chain cannot be 

• prepared from the diazonium salts. They are best made : 

1. By direct chlorination of the corresponding hydrocarbon, at 
boiling-point. 

2. By the action of a halide of phosphorus, or an anhydrous 
halogen acid, on the corresponding aromatic alcohol (p. 356). 

Properties. — ^The aromatic halogen compounds, containing the 
halogen in the nudeus^ differ entirely from the aliphatic halogen 
compounds. They are exceediimly stable compounds, the nuclear 
halogen atoms being very firmly held. They cannot be hydrolysed 
by lulling with aqueous acids or alkalies, and are unacted upon by 
boiling alcoholic potash. CMorobeniene (phenyl chloride), O 3 H 5 CI, 
is a heavy, colourless liquid, Vith an odour resembling that of 
benzene, and boils at 132^. It is insoluble in water. Bromobenzenef 
0 «H 5 Br, and todo&enzene, C^HJ, have similar properties, and boil 
at 155° and 1^8° respectively. The 0 -, m-, and p-chlorotoluenes are 
liquids similar to chlorobenzene. 

Compounds containing halogen atoms in the side-chain are very 
much less stable, and the halogen atoms can be easily displaced 
by the usual hydrblysing ageqts. Befnzyl chloride, C^Hj.CHjCl, 
for example, is a colourless fuming liquid, boiling at 176°. It is 
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insoluble In water, and is hydrolysed, slowly by boiling water, 
rapidly by boiling aqueous alkalies, with forma%n of benzyl 
alcohol : 

CeHj.CHja +H,0 «C^H5.CH,.0H +Ha 

Benzyl alcohol. 

This behaviour is exactly similar to that of the alkyl halides. It is, 
in fact, a geiteral rule that an aromatic compound containing any 
of the groups —Oi, — Br, —I, —OH, —CHO, --COOH, — CN, 
— NHj, etc., in a sido-chain, has similar chemical properties to the 
corresponding aliphatic compounds. 


SuLPHONic Acids 

Benzenesulphonlo acid, CjHg.SOgH, can be prepared by boiling 
a mixture of equal volumes of benzene and concentrated sulphuric 
acid, under a reflux condenser, until the benzene layer has dis- 
apjieared (6-20 hours) : 


CeH, + HjS 04 = CeHj . SO3H + H^O. 

The liquid is cooled, poured into cold water, and the solution 
ncutrali^d with calcium carbonate. In this wa}i the excess of 
sulphuric acid is precipitated as calcium sulphat(^ and the benzene- 
sulphottic acid remains in solution as its soluble calcium salt. The 
solution is filtered, and the filtrate is treated with dilute sulphuric 
acid, drop by drop, until no further precipitate is form^ ’ 


(CeH^ . SOgljCa -f- HjSO* = 2CeH, . SO3H + CaSO^. 

Calcium 

benzene* 

sulphonate. 

The solution is again filtered, and the filtrate, which is an aqueous 
solution of benzenesulphonic acid, is evaporated to a syrup, which 
crystallises on cooling. 

Benzenesulphonic acid forms colourless, deliquescent crystals, 
very readily soluble in water. The aqueous solution is strongly 
acid, and dissolves metallic oxides, hydroxides, and carbonates 
with formation of salts. Potassium benzenesulphonate, CjHj.SOjK, 
prepared by neutralising the flee acid with potassium carjbonate, 
crystallises in colourless plates witlf half a molecular proportion 
of water. 

Benzenesulphonic acid, on treatment with phosphorus penta- 
chloride, is converted into benzenesulphonic chloride : 

C.H5 . so,H + pcij *= CjM, . so,a poaj + na, ^ 

Benzrao- 

sulphonic 

chloride. 
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and this, on treatment with ammonia, yields benzene* mlphon- 
amide : • 

CjHj.SOjCl +NH3=CeH5.SOj.NH2+HCl. 

Benzene 

sulphonamide. 

Other Sulphonlc *AcIds. — Benzene - m - disulphmic acid, 
is pre^red by prolonged sulphonatioa of benzene 
)r of benzenesulphonic acid. 

When toluene is sulphonated, a mixture of o- and p-toluene- 
sulphonic acids, €3114(0113) . SO3H, is formed. • 

Nitro Compounds 

* Nitrobenzene, CjHj.NOj, is slowly formed when benzene is 
heated with concentrated nitric acid. It can be more conveniently 
prepared os follows : A mixture of concentrated nitric acid (60 
mils) and concentrated sulphuric acid (60 mils) is slowly added, with 
constant shaking, to 55 mils of benzene, contained in a f^ask : 

CeH. + HNO3 = CeHj . NO* + H3O. 

The mixture is* gently heated on a water-bath for half an hour, 
cooled, and po^ired into water. The nitrobenzene sinks to the 
bottom as a pale yellow heavy oil, which is* separated with the aid 
of a separating funnel, washed with dilute sodium carbonate solution, 
dried over calcium chloride, and finally purified by distillation. 

Nitrobenzene is a pale yellow oily liquid, of specific gravity 1*2 
and boiling-point 205 , with a characteristic odour resembling that 
of almonds. It is insoluble in water, and is volatile in steam. It 
is largely employed for the preparation of aniline (p. 338 ). 

Other Nitro Compounds. — ^\^en nitrobenzene is strongly heated 
with a mixture of concentrated sulphuric and fuming nitric acids, 
the nitration proceeds further, and m-dinitrobenzene, CeH4(N08)8, 
is formed, m -Dinitrobenzene is a pale yellow, crystalline solid, 
and if nitrated still further it w converted into symmetrical or 1 , 3 , 
6-trinitrobenzene, C8H3(N08)3. 

When toluene is nitrated as described for the preparation of 
nitrobenzene, a mixture of 0 - and p-nitrotoluenes, CeH4(CH8) . N 08 , 
is formed. 

The^ Rule of Substitution.-— The student will probably have 
noticed' that, when a second atom or group is introduced into the 
molecule of a mono-substitution derivatiye of benzene, the product 
generally consists either of the meta di-substitution derivative, or 
of a mixture of the ortho and para. A study of a large number of 
cases of substitution in the benzene series has led to the formulation 
of a simple general rule of substitution, which may be stated as 
follows ; 

** When a second atom or group is introduced into a benzene 
nucleus which already contain^ one substituent, then : 
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“ (a) If the original substituent was SO 3 H, NOg, CHO, COOH, 
CO.CHj, or CN, the main product will be the meta di-sub^itution 
derivative. 

“ ( 6 ) If, on the other hand,, the original substituent was Cl, Br, 
I, OH, NHg, or an alkyl group, the product will consist of a 
mixture of the ortho and para di-substitution derivatives.” 

This rule is purely empirical, and does not hold in every case. 
It is, hoi^ver, sufficiently general to form a useful guide to the 
position taken up by entering groups, and should be committed to 
memory. 



CHAPTER XXXI 

THE AROMATIC AMINES AND DIAZONIUM COMPOUNDS 

The simple aromatic amines resemble the alkyl amines in structure, 
in that thoy are derived from ammonia, NHj, by the substitution 
of one or more aryl radicles for hydrogen atoms. 

In chemical properties the aliphatic and aromatic amines 
differ widely from one another. The alkyl radicles are somewhat 
base-forming in character, whereas the aryl radicles are dvitinctly 
acid-forming ; so that, wWlst the introduction of alkyl groups into 
the NH3 molecule results in an increase in basic properties, the 
introduction of aryl groups has the opposite effect. The simplest 
aromatic amino is phenylamine, or aniline, CeHg.NHg. This com- 
pound is a much weaker base than ammonia ; dt does not turn red 
litmus blue, and its salts are partially hydrolysed in aqueous solution, 
Diphenylamine, (C3H5)2NH, a secondary amine containing two 
aryl groups. Saw very feeble basic properties, and only forms salts 
with concentrated mineral acids. Amines containing three aryl 
groups, such as triphenylamine, (C8H5)3N, have no basic properties 

The primary aryl amines also differ from the corresponding 
alkyl compoimds in that, when treated with nitrous acid in the cold, 
they yield unstable and highly reactive compounds known as 
diazonium salts (p. 343). 

In addition to the purely aromatic amines, such as the examples 
given above, mixed amines, containing both alkyl and aryl groups, 
are known. A well-known compound of this type is methylaniline, 
C8H5.NH.CH3. Such compounds are stronger bases than aniline, 
since the presence of the aUcyl groups diminishes, to some extent, 
the effect of the acidic aryl groups. 

* 1 . 

Anujnb, Phenylaminb, C8H5.NH2 

Prejxtfcrfton.— Aniline is prepared by reducing nitrobenzene with 
tin and hydrochloric acid : 

• C8H5.N08 + 6H»C8H5.NH3+2H20. 

Concentrated hydrochloric acid (100 mils) is added, drop by 
drop, to a mixture of nitrobenzene (20 miA) and granulated tin 
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(45 gra^nmes) contained in a flask. The flask is then heated on 
a water-bath until the odour of nitrobenzene is no longer perceptible. 
The aniline is present in the form of a complex stannichloride, 
(C«H 5 .NH 2 >HCl) 2 ,SnCl 4 , from which it is liberated by adding excess 
of sodium hydroxide and distilling in a current of steam. The* 
aniline in the distillate is extracted wjth chloroform, and, after 
drying the extract over anhydrous potassium carbonate, the solvent 
is distilled off. The crude aniline remaining is Anally purified by 
distillation. 

I^roperties . — Aniline is a colourless, oily liquid, which darkens 
on exposure to air. Specific gravity, I'OO ; boiling-point, 184°. 
ft has a peculiar characteristic odour, and is sparingly soluble in 
water, the solution being neutral to indicators. 

Aniline dissolves readily in dilute mineral acids with formation 
of salts, such as the hydrochloride, C 4 H 5 .NH 2 ,HC 1 , and the sulphate, 
(CgH 5 .NH 2 ) 2 ,H 2 S 04 . These salts arc crystalline solids, and are 
decomposed in the cold by solutions of alkalies, with liberation of 
aniline. 

Anilide is readily sulphonated by heating it with concentrated 
sulphuric acid, the main product being aniline p-sulphonic acid or 
8ulphaniUc acid, C 4 H 4 (NH 2 ).S 03 H : 


NHj 

/\ • 

I +H2SO4 

\/ 


MH2 

/\ 

' +H2(). 

\/ 

SO3H 


Aniline canndt, however, be nitrated, since when treaU'd with 
concentrated nitric acid it undergex^s comph^x oxidation, with 
formation of a tarry product ; some oxidising agents, such as ferric* 
chloride or acidified potassium dichroraate, oxidise aniline to 
quinone (p. 353). 

When aniline is shaken with bromine water, tribromaniline, 
CjHjBrj.NHj, is formed as white pnxdpitate : 


NH, 

NH* 

/\ 

1 +3Br2 — 

Br/\Br 

> 1 1 +3HBr. 

\/ 

\/ 


. Br 


Trichloranilino can be made in a similar way from aniline and 
chlorine water. 

like all other primary amines, aniline yields an evil-smelling 
carbylamine when heated with chloroform and alcoholic jiotash : 

CHO, + 3KOH + C,H, . NH, = C,H. . NC + 3KCI + fe,0. 

^ Phenyl 
carbylamine. 
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'When aniline is treated with sodium nitrite in acid solutfon it is 
converted into aB phenyl diazonium salt (p. 343 ). 

Acetonllldum, ilcetom/ide, C^Hg.NH.CO.CHg, is formed when 
aniline is treated, in the cold, with aqetyl chloride or acetic anhydride. 
• It is pepared by boiling aniline (10 mils) with glacial acetic acid 
(12 mils), under a reflux condenser, for several hours : ' 


CjHj . NHa + CHa . COOH = . NH . CO . CHg + Efi. 


The niolten product is poured into cold water, and the crude 
acetanihde is collected and recrystallised from boiling water or 
dilute alcohol. 

Acetanilide crystallises in colourless, glistening plates, melting 
aj 113®. It is sparingly soluble in water, easily in alcohol, forming 
neutral solutions. Boding dilute acids or alkalies slowly hydrolyse 
it to aniline and acetic acid or their salts : 


CeHa . NH . CO . CH 3 + KOH = CeH^ .“NHa + CH 3 . COOK. 

r 

Acetanilide, unlike aniline, can be easily nitrated by heating it 
with concentrated nitric acid, since the amino group is “ blockS 
or protected froih oxidation, by the introduction of the acetyl 
^group. The product of nitration of acetanilide is a mixture of 
o- and p-nitro-acetanilides. These nitro-aceta'hilides, on hydrolysis, 
yield the corresponding nitranilines : 



o-nitraniline. 


m-nitraniline can be prepared by partially reducing m-dinitro- 
benzene ^ith ammonium sulphide : ’ 

CaH 4 (NO*), + 6 H = C 4 H 4 (NO,) . NH, + 2HaO. 

An aqueous solution of acetanilide, containing as little as 1 part 
in 2000 , h yellowish-white precipitate on addition of bromine 
lifter. Thk test serves to distinguish acetanilide from phenacetin, 
ainoe the latter mves no such precipitate. 

Tests for impwiiieS,, — Acetanilide should form colourless 
solutions in concentrated sulphuHc acid (alSence of readily carbon- 
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isable Organic impuritios) and in concentrated nitric acid (absence of 
phenacetin and phenazone). A. cold, saturated aqueous solution 
should be neutral to litmus (absence of aniline salts and of free 
acetic acid), and should give no red or green coloration on adding a 
few drops of ferric chloride solution and allowing to stand (absence, 
of phenazone and salts of aniline). , 

On ignition, acetanilide should leave not more than 0-1 per 
cent of ash. 


Other Aromatic Amines 

The first homologues of aniline are the three toluidines — ortho, 
meta, and para — all of which have the molecular formula 
CjHijCHa) . NHj. They can be prepared by reducing the corre- 
sponding nitro-toluenes with tin and hydrochloric acid in the 
manner described for the preparation of aniline. They are basic 
compounds very similar* to aniline in chemical [>roiK‘rties. The 
o- and ry-compounds are oily liquids, but p-toluidine is a crystalline 
solid, melting at 45^. 

Dlphenylamlne, (CjHglgNH, is mmlc by strongly heating a 
mixture of aniline and aniline hydrochloride : , 

C,H,. NH, NH„HC1 = + NH.Cl. 


It is a solid, melting at 54®, and is such a feeble base that its salts 
are decomposed by cold water. Triphenylamine, •((^H 5 ) 3 N, melts 
at 127® ; it i^ insoluble in acads. 

Methylanlllne, can Ixi prepared by heating 

aniline with one equivalent df a methyl halide : 

CeHj . NHj + CHgBr - . NH . CH3,HBr. 

Methylanilino 

hytlrobroinide. 

It is a colourless oil, boiling at 192®, and is a stronger base than 
aniline. like the secondary alkyl amines, it >icld8 a nitrosamine 
on treatment with nitrous acid : 


NH.CHa 

/\ 



N* 


/ 


NO 


+ HNO, 


/\ 




+ H,0. 


Methyl phenyl 
nitrosamine. 


An interesting change takes place when a salt of methylaniline is 
heated under pressure*. The melhyl group changes places with a 
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hydrogen §ktom of the nucleus, forming a mixture of o- ^nd p- 
toluidine salts : t 





Methylanilino 

hydrochloride. 




/ 

C'H, 

p-toluidino 

hydrochloride. 


NH2,HC1 



o-tolnidine 

hydrochloride. 


Such examples of the migration of atomil or groups from the side- 
chain to the nucleus are commonly met with among aromatic 
compounds. 

Dimethylaniline, C<,H5.N(CH3)2, can be prepared in a manner 
similar to that described for methylaniline, using excess of the 
alkyl halide : « 

CeHj . NHa + 2CH3Br - CeH^ . N(CH3)2,HBr + HBr. 

Diraethylaniline 
, hydrobrotnido. 

It is an oil, boiling at 192 ®, and has an unpleasant pungent odour. 
It is a strong base, and forms stable crystalline salts. It differs 
from the tertiary alkyl amines in that it reacts with nitrous acid, 
Vith formation of a nitroso-compound : 

N(CH3)2 N(CH3)2 

+HNO, +H, 0 . 

\/ \/ 

NO 

p>nitroso- 

dimethylaniline. 

It should be noted that this nitroso-compound is quite different in 
constitutidh from the nitrosamine 9 ,^ince the — NO group is attached 
to a carbon and not to a nitrogen atom. 

Benzylamlne, CeH5.CH2.NH2, is isomeric with the toluidines 
and with methylaniline. It can be prepared by heating benzyl 
chloride with anr alcoholic solution of ammonia, a method analogous 
to that described (p. 309 ) for the preparation of the alkyl amines : 

C,H5 . CH2C1 + NH3 = CeH* . CH2 . NH2,HC1. 

• t 

Benzylamine is an example of an aromatic amine containing the 
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—NH, •group in the side-chain, and in properties it closely resembles 
the primary alkyl amines. It is a volatile, mobSe liquid, boiling 
at 187°, and is readily soluble in water, forming a strongly alkaline 
solution. When treated with nitrous acid it does not yield a 
diazonium salt, but is converted into benzyl alcohol ; 

CeH5.CH,.NH, + HNO,=CeH5.0H,.OH + N,+HjO. 

The Diazonium Compounds 

P a cold solution of aniline in dilute hydrochloric acid is treated 
witli sodium nitrite the liberated nitrous acid converts the a^ine 
into a compound called phenyl diazonium chloride : 

CeHj . NHa.Ha + HNO* = . N : NCI + 2HaO. 

Phenyl 

diazonium 

chloride. 

This compound is a salt of a strong base, jihenyl diazonium 
hydroxide, C®H5 . N : N . OH. By treating a solution of aniline in 
nitric or sulphuric acids with sodium nitrite, phenyl diazonium 
nitrate, CgHj.N: N.NO3, or sulphate, (CgHj.N : N)2S04, can be 
obtained. 

Other primary aromatic amines which contain the —NHj group 
in the nucleus are converted into diazonium salts Iby trcatmcmt witt 
sodium nitrite in acid solution : p-tolyl diazonium chloride, 
CeH4(CH3).N: NCI, for example, can be prepared by the action of 
sodium nitrite on a solution of p-toluidine in hydroc;^Uric acid. 

The diazonium salts are colourless, crystalline compounds, 
readily solubk? in water. They are, as a rule, very unstable, and 
many of them are highly explosive in the dry state. The diazonium 
hydroxides are formed when their salts are treated with silvcp 
hydroxide in aqueous solution. For example : 

CeHj . N : NCI + AgOH = C.B^ . N : N . OH + AgCI. 

These hydroxides are exceedingly unstable compounds, and, unlike 
their salts, are of comparatively little importance. 

The diazonium salts are very reactive substances, and serve as 
a starting-point for the preparation of a great number of aromatic 
compounds. For such synthetic purposes an aqueous solution of 
a diazonium salt is, as a rule, employed, and it is therefore un- 
necessary to isolate the saltan the solid state. An aromatic amine 
can be easily “ diazotised ”, or •converted into a solution of a 
diazonium salt, by dissolving it in excess of a dilute mineral acid 
(usually hydrochloric acid), cooling the solution in ice or in a freezing 
mixture, and slowly running in, from a burette, a solution of the 
theoretical quantity of sodium nitrite. Throughout* the process the 
temperature should not be allowed to rise above about,10°. 

Reactions of the Diazonium Salts.— Some of the more important 
reactions of the diazonium salts will now be briefly described. For 
convenience, equations will be given representing the reactfons of 
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phenyl diazonium chloride, but it must be understood that, in 
genera], other diazonium salts behave in a precisely analogous 
manner. 

1. On boiling a solution of a diazonium salt, nitrogen is evolved, 
.and a phenol (p. 346) remains in solution ; 

CeHj . N ; NQ + H,0 = CeHj . OH + N* + HQ. 

Phenol. 

2. A dry diazonium salt, on heating with alcohol, yields a 
hydrocarbon : 

CeH^.N : NCl + CjHj.OH^CjHe + CHa.CHO + Nj + Ha * 
Benzene. 

^ 3. Aryl chlorides can be made by heating a solution of a 
diazonium salt with hydrochloric acid in the presence of cuprous 
chloride, CujClj, as a catalyst (Sandmeyer’s reaction) : 

CjHj . N : NCI + HCl = CeH.Ol + N, + HCl. 

Chloro- 

benzene. 

Aryl bromides can be made in a similar way, using hydrobromic 
acid and cuprous Bromide, Cu 2®^2 • ^ 

• CeHj* N : Na + HBr = CeH^Br + Nj + HG. 

Bromo- 

benzene. 

Aryl iodides* ci-n be made more easily by simply warming the 
diazonium solution with potassium iodide, no catalyst being required 
in this case : 

CeHj . N : NCI + KI = CeH J + N, + KQ. 

lodo- 

benzene. 

4. Aryl cyanides can be prepared by heating a diazonium 
solution with potassium cyanide in presence of cuprous cyanide 
(Sandmeyer’s reaction) : 

CeHj . N : Na + KCN = . CN + N, + KCl. 

Plienvl 

cyanide. 

5. By reduction of the diazonium» salts, aryl hydrazines ‘ are 
produced.' Phenylhydrazine is • generally prepared by adding 
stannous chloride and concentrated hydrochloric acid to a diazotised 
solution of aniline in the cold : 

CeHj.N : NQ +4H «C,Hj.NH.NH,, HQ. 

Phenylhydrazine 

hydrochloride. 

^ In these reactions^ the first product is an additive compound of the 
diazonium salt- with the cuprous haJidje. , 

* Hydrazine, NH| . NH,, is an inori^io base. 
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Phenylhydrazine, when pure, forms colourless crystals, melting 
at 23°, but it is more frequently met with as a brownish oil, sparingly 
soluble in water. It is a basic compound, and dissolves readily in 
dilute mineral acids with formation of salts. 

The formation of hydrazones by the action of phenylhydrazine 
on aldehydes or ketones has already been mentioned (p. 237), as 
has also the formation of osazones from certain of the sugars 
(p. 316). On account of these reactions phenylhydrazine is an 
important reagent. 

6. ,When a solution of a diazonium salt is added to an alkaline 
solution of a phenol (p. 346) or a naphthol (p. 371) a brilliant-coloured 
cdhipound, of the class known as the “ azo-dyes ”, separates as a 
precipitate : 

<^^N:Na+<^ ^OH — > <^ ^N:N<^ ^OH+HC.. 

Phenol. Hydroxy-azo-benzenc. 

In this process the linking, *or ** coupling ”, of the diazonium com- 
pound to <he phenol molecule always takes place at either the ortho 
or the para position to the — OH group. 

Azo-dyes can also bo made by coupling a diazonium salt with 
an aromatic amine. If phenyldiazonium chloride* is treated with 
aniline and the mixture warmed, amino-azo-benzeifo hydrochloride, 
a salt of a basic azo-dye, is produced : 

<1^ ^N:NCl+<^ ^NH, — ^ ^N:N<^ ^WH„HC1. 

Aiuino-azo-b(’nzeno liydrochloride. 

The indicator methyl orange is a familiar example of an azo-dye. It 
is the sodium salt of the compound obtained by coupling dimethyl - 
aniline with a diazotised solution of sulphanilic acsid : 


SO,H<(“>NH, S(),h( >N:N<1 

Sulphanilic acid. 


Dimcthylainino uzo -benzene ■ 


Treat with 

sodium hydroxide 


Hulphcmic acid. 

SO,Na<^ yN : N<(^N(CH,),*. 


Methyl orange. 


Most of the simpler azo-dyes arc bright red, but many brown, 
yellow, and even blue compounds of this type are known. 



CHAPTER XXXII 

» 

PHENOLS AND THEIR DERIVATIVES 
c 

The phenols are derived from the aromatic hydrocarbons by the 
substitution of one or more — OH groups for hydrogen atoms of 
the nucleus. The phenols are thus somewhat similar in structure 
to the aliphatic alcohols, but, chemically, the two classes of com- 
pounds have little in common ; for whilst the alcohols ale perfectly 
neutral substances, the phenols have distinctly acidic properties, 
this being due to the effect of the acid-forming aryl group. 


Phenol, C^Hj . OH • 

Preparalim. — (1) Phenol itself, which is the first member of the 
series, can <b^ made by boiling a diazotised solution of aniline with 
water : 

CeHj . N : Na + H,0 = CeHj . OH + Nj + KCl . 


* This provides a method by which phenol can be synthesised from 
benzene : 

C.He— > CeHj . NO,-^ C.Hj . N Hj,— > . N : NCIt-^ CeH^ . OH . 

(2) Phenol can be prepared, in the form of its potassium salt, 
by fusing potassium benzene sulphonate with potassium hydroxide 
in an iron crucible ; 

CeHj . SO,K + 2KOH - C.H^ . OK + K^SOj + H,0. 

Po^ssium 

phenaie. 

In order to obtain free phenol the melt is allowed to cool, dissolved 
in water, and treated with excess of hydrochloric acid. The liberated 
phenol is eirtracted with ether, and, after evaporating off the 
solvent, the product is purified by distillation. 

(3) Th? phenol of commerce is obtained as one of the products 
of the fraotioneJ ^tillation of coal tar (p. 325). 

The fraction collected between 170^ jmd 230® (** middle oil ’*) 
consists chiefiy of phenol and naphthalene (p. 370). It is allowed 

346 
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to cool, Vhen most of the naphthalene crystallises out, and is 
separated. The remaining oil is shaken with warm socNum hydroxide 
Bolntion, which dissolves out the phenol as sodium phenate ; the 
aqueous layer is then run off from the insoluble portion of the oil 
and treatea with dilute sulphuric acid, which liberates the phenol, 
the product being finally purified by distillation. 

Properties, — Phenol forms colourless, deliquescent crystals with 
a characteristic odour, which turn pink on polongcd cxpdsure to 
air. Phenol melts at 42°, boils at 183°, and is volatile in steam. 

It is spluble about 1 in 12 in water, and the pure substance or its 
solution has a caustic action on the skin. 

•Though neutral to litmus, phenol has distinct acidic properties. 

It does not react with metallic carbonates, but dissolves freely in 
solutions of sodium or potassium hydroxide, with formation of thei 
corresponding phenate : 

CeHfi . OH + NaOH = C.Hj . ONa + HgO. 

Sodium 

phonute. 

On evttpuittting the solution the phenate can be obtained as a 
colourless, deliquescent, crystalline solid. The Senates, unlike 
the alcoholates (p. 216), are thus stable towards wBter ; they are, ^ 
however, immediately Mecomposed by acids, or oven by carbon 
dioxide, with liberation of phenol. 

When phenol is treated with phosphorus pentachlorido, chloro- 
benzene is formed. This reaction is analogous to the*formation of 
ethyl chloride frpm ethyl alcohol : 

CeHs.OH +PCI4 -CeHjCl + POCI3 + HCl. 

Compare CjHj . OH + PCI5 = CjHgCl + POCI3 + HCl. 

When bromine water is added to an aqueous solution of phenol 
a white precipitate of 2, 4, 6-tribromophenol is produced (compare 
aniline, p. 339). 

When phenol is heated with concentrated sulphuric acid a 
mixture of phenol 0- and p-sulphonic acids is formed : 

C^Hj . OH + H3SO4 - C,H4(0H) . SO3H + HjO. 

Phenol is very easily nitra^d, even by dilute nitric aci4» with 
formation of a mixture of o- and jf-nitrophenols, C,H4(OH).NO|. 
These compounds, on further nitration with concentrated nitric 
acid, are converted into trinitrophenol or nicric acid, C^HjfNO,), . OH. 

Towards oxidising agents phenol behaves some, what like a 
tertiary alcohol. It can only be oxidised with difficulty, and the 
process results in the breaking up of the molecule. » 

An aqueous solution of {menol becomes deep blue on addition 
of ferric chloride solutioi^— a reactiqn common to many aromatic 
compounds containing an — OH group in the nucleus. 
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When sodium or potassium phenate is heated with a methyl 
halide, anisolef or phenyl methyl ether, CeHj.O.CHj, is produced : ^ 

CeHj.OK +CH 3 Br ^CeHj.O.CHj +KBr. 

Phenetole, or phenyl ethyl ether, CjHj.O.CjHa, can be prepared in 
a similar way from potassium phenate and an ethyl halide. 


ACmUM CARBOLICUM 

Phenol 

The official substance forms small deliquescent crystals, which 
should be colourless, but may acquire a pinkish tinge on exposure 

moist air. Its odour should not be fetid or tarry. At 16*6° 
100 parts of phenol, are liquefied by the addition of 10 parts of water, 
form a clear liquid with 30-40 parts of water, and are completely 
dissolved by 1200 parts of water, the aqueous solution being clear 
and colourless. Melting point, 39°-40® ; boiling point ^not higher 
than 183°. Specific gravity at the melting point, 1-060- 1*066. 

Tests for Impurities. Free Acid . — Phenol should not immedi- 
ately redden blue litmus paper. 

Non-wlatile Matter . — ^When evaporated on a water-bath it 
should leave not more than 0-1 per cent of residue. 

Creaol . — 1 volume of phenol liquefied by the addition of 10 per 
cent of water, forms, with 1 volume of glycerin, a clear liquid, which 
should notJ'be rendered turbid by the addition of 3 volumes of water. 

Aoidum Carbolicum Liquefactum. Liquefied^ Phenol. Syn. 
Liquefied Carbolic Acid. — ^This is prepared by mixing 100 grammes 
of phenol with sufficient water to produce 115 grammes. 

It is a liquid, colourless at first, but usually acquiring a pinkish 
hue. It forms a clear solution on addition of 12-20 per cent by 
weight of water at 16*6°. Specific gravity, 1-067-1 -069. Boiling 
point gradually rising to a temperature not higher than 183°. 

Nitrophenols 

A mixture of o- and p-nitrophenols separates as a dark-coloured, 
semi-solid mass when phenol is treated in the cold with fairly dilute 
(30 per cent) nitric acid. The o-compound is separated from the 

^ Anethole, which constitutes about 90 por cent of Oleum Anisi, is a 
derivative of anisole containing an unsaturated side chain. 

O.CH, 

Q 

CH:CH.CH, 

Anethole. 

Anethole is a crystalline solid melting at 21° ; it has a strong anise odour. 
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product by distillation in a current of steam, and the residue, con- 
Bistmg of the p*compound together with resinous matter, is purified 
by crystallisation from water. 

m-Nitr(yph^l cannot bo prepared by nitration of phenol. It 
is prepared by diazotising m-nitraniline (p. 340) and k)iling the 
solution of the diazonium salt with water « 


CeH,(NO,).NHj— >CeH4(N02).N : 

0 -, m-, and p-nitrophenols are crystalline compounds, sparingly 
soluble in water, melting at 45*", 96°, and 114° respectively. The 
o- and m- are yellow, but thg p- is colourless. Only the o- is volatile 
in*steam. 

The presence of the — NOg groups in the molecules of the nitro- 
phenols increases the acidic character of the — OH group. Th^ 
nitrophenols not only dissolve in solutions of sodium and potassium 
hydroxides, but decompose solutions of the carbonates, with evolu- 
tion of carbon dioxide. « 

Phenac^tinum, Phenacetint p-aceto-phenetidine. 




O.CjH, 

NH.CO.CH3, 


is an important synthetic drug. It is prepared from p*nitrophonol 
by the following series of reactions : 



OH 

NO2 


p-Nitro- 

phcnol. 


(lissoivo in 

aquoouH K|COt, 
evaporate, and 

allow to crystalliHo 


yQK* 

C 3 H/ 

^NO*, 

Potassium 


p-nitro> 

phenato. 


heat with 




/O.CjH, 

'NO,. 


p-Nilropl»enyl 
ethyl other. 


reduce with nascent ^ 


hydrogen 


P'Phonetidino. 


/O.C2H, 

heat with glacial m PH 

acetic acid 

Phenacetin. 

Phenacetin forms smSlll, colour!^, glistening crystals, melting 
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at 135^. It is nearly insoluble in cold water, fairly soluble In boiling 
water and in alcohol, forming netitral solutions. 

Aoidum Plcricum. Picric Acid. 8yns. Carbazotic Acid; Trinitro- 
phenol, CeH|(NOs) 3 . OH : 

OH 

no^/\no, 

Yo. 

Picric acid. 


This compound is formed by the action of nitric acid on many 
nitrogen-containing organic materials, such as wool, silk, or leather. 
•It is prepared by dissolving phenol (20 grammes) in concentrated 
sulphuric acid (11*5 mils), and slowly adding the solution to cold 
concentrated nitric acid (60 mils). When the first reaction is 
over, the mixture is heated on a water-bath for two hours. On 
cooling, a mass of picric acid crystals separates. A lit^e water is 
added, and the crystals are filtered on and recrystallised from 
boiling water. 

Picric acid js a bright yellow crystalline T[X)wder, melting at 
122®. It is soluble 1-90 in water and 1-10 in alcohol (90 per cent), 
forming solutiohs which stain the skin yellow. It has an intensely 
bitter taste. 

Picric acid has strong acid properties, owing to the effect of the 
nuclear •— 'N ()2 groups on the phenolic hydroxyl group. It is acid 
to phenolphthalein and decomposes metallic carbonates, forming 
well-defined crystalline salts. Many of the pitrates, such as 
^tassium picrate, CqHJNOjIs.OK, and ammonium picrate, 
C 3 Hj(N 02 ) 8 . 0 NH 4 , explode violently on percussion or if rapidly 
heat^. 

QmniiUjdive Acidum Picricum is required to contain 

not less than 99 per cent of trinitrophenol, C2H2(N02)3 . OH. Weigh 
aWt 0*5 gramme, dissolve in hot water, and titrate with N/10 
sodium hyc&oxide, using phenolphthalein as indicator ; 


NaOH +C.H2(N0,)8.0H -CeH2(N02)s.ONa +H 2 O, 
Na0HH.C,H2(N02)8.0H, 

40 s 229, 

*1000 mils N/1 NaOHs229 grammes of C.H8(N0,)8.0H, 

1 mil N/10 NaOHs *0229 gramme of C8H2(N08)8.0H. 


Homoloqvbs of Phenol 

There^ are three compounds of the formula C 8 H 4 (CH,).OH, 
namely, 0 -, m-, and p’Cresols. The 0 - and p-compoun^ are 
deliquescent crystalline solids, very similfur to phenol, but m-cresol 
is a liquid. 
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The dteaoh can be prepared by methods sirndar to those described 
for the preparation of phenol. Thus the potassium salt of a toluene 
sulphonio acid can be fused with potassium hydroxide : 

CeH4(CH3).S03K + KOH ~CeH4(CH3).OH +K3SO3, 

Potassium o-, !«•» or 

0-, m-, or P'toluene p-crraol. 

stdphonate. 

or a diazotised solution of the corresponding toluidine may be 
boiled«with water. 

Cresol, Creaolj is a mixture of the three isomers, and is obtained 
from coal-tar. It is a pale yellowish-brown liquicl, which darkens 
on keeping. Its specific gravity should lie between 1-04 and 1*06, 
and at least 90 per cent should distil between 195° and 205°. It i# 
soluble 1-50 in water, freely in glycerin, alcohol, ether, and chloro- 
form. The aqueous solution is neutral to litmus, and gives, on 
treatment with ferric chloride, a transient blue colour. 

Thymo^ Thymol^ is a phenol which occurs in the volatile oil of 
Thymu8 vivaria ^ and constitutes 40 per cent of Oleum Ajowan. 
It is l-hydroxy-3-methyl-6-isopropyl-benzenc, and its constitutional 
formula is : 

CE. CH, 

\CH/ ’ 

/'^OH 

\/ 

CH, 

Thymol. 

Thymol forms large, colourless crystals, melting at 50°-51°, and has 
a characteristic odour. 


Dihydric Phenols 

There are three isomeric dihydroxy-lx'nzcnes, namely : 

OH OH 

/\ 

Resorcinol. 

Hydroquinone 
(quinol). 

They are all colourless cr^talline compounds, and are more 
readily soluble in water than the monohydric phenob. Chemically 
they difibr from the monohydric phenols in being powerful reducing 
•gents. , 

Catoehol, o-dihydroxy-benzene, C4H4(OH)|, was first obtained 



OH 


O' 


OH 


Catechol. 
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by dry distillation of catechu. It can be prepared ironf ghaiacol 
by heating it vith concentrated hydriodio acid : 

CeH4(O.CH,).OH +HI -CeH4(OH)a +CHJ. 

Quftiacol. 

Catechol forms colourless cr^tals, melting at 104^. Its aqueous 
solution gives, with ferric chloride, a green coloration. 

Guaiacol, Ouaiacolt methyl catechol, 04114(0. GH,). OH, is manu- 
factured by the fractional ^tillation of b^6h-tar creosote. It is 
also made synthetically by heating a mixture of equimqlecular 
proportions of catechol, potassium hydroxide, and potas^um methyl 
sulphate in a closed vessel at nO^-lSO®*": ♦ 

,P4H4(0H)4 + K0H + CHa.KS 04 *C 4 H 4 ( 0 .CHs). 0 H^KjS 04 +Hj 0 . 

When pure, guaiacol forms large colourless crystals, melting 
at 28°, but it is often met with as a colourless liquid. It has a 
characteristic tarry odour, and is soluble 1-80 in water, freely in 
alcohol and ether. ^ 

Since guaiacol contains one — OH group, it behaves as a mono- 
hydric phenol. Thus it dissolves in aqueous sodium hydroxide, 
forming a mona-sodium derivative, C 4 H 4 (O.CH 3 ).ONa. 

On adding very dilute ferric chloride solution, drop by drop, to 
« an alcohoUc solution of guaiacol, a blue .coloration is produced, 
changing, on addition of more ferric chloride, to green, and finally 
to yeUow. 

Guaiacol^ Carbonas, Ouaiacol Carborude^ [C4H4(0.CH3).0]2C0, 
is prepared by the action of carbonyl chloride on the sodium salt 
of guaiacol : ** 

C4H4(O.CH3).Ov 

‘ 2C4H4(O.CH3).ONa+COa3- >CO + 2 Naa 

C4H4(0.CH3).0^ 

It is a neutral crystalline compound, melting at 85° to 88°, and is 
insoluble in water. Boiling dilute sodium hydroxide hydrolyses it 
to sodium carbonate and the sodium derivative of guaiacol. 

Creosol is a homologue of guaiacol, and has the constitutional 
formula 

OH 

It occurs iq Fix liquida and other varieties of wood tar, and is 
one of the two main constituents of Creosotum (the other being 
goaiacoly 

Creosol is an oily liquid, and is very similar to guaiacol in 
chemical properties. With ferric chloride it gives a green colora- 
tion. 
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is a compound closely related to guaiacol, but containing 
an. unsaturated side-chain : 

OH 

1 1 

\/ 

CHj.CH : CHa 

Eugpnol. 

Eugenol constitutes about 85-90 cent of Oleum CaryophylH, 
and ^o occurs, in small quantities, in Oleum Cinnamomi and 
ceftain other essential oils. • 

Eugenol is a colourless oil, with an odour of cloves. Being a 
phenol, it giv€» a blue colour with ferric chloride (in alcoholic^ 
solution), and dissolves freely in solutions of ])otasHium hydroxide ; 
on this latter fact depends the pharmaco))ceial method for the 
estimation of eugiuiol in Oleum Caryo])hylli. 

Adrenalinum, Adrenalin, obtained from tlie suprarenal glands 
of animals* is a derivative of eatt'ehol of the formula 

OH 

/\OH 

I 

Adrenalin is a nearly whiti' microervstalline powder, ^nd is onl) 
very sparingly soluble in water and in the common or^mc solvents 
It is a seoondarjK base, and combines with dilute mineral acids witl 
formation of soluble salts. The molecule contains an asymmctrii 
carbon atom, shown in heavy tyjK*, and the naturally oecurrinj 
substance is laevo- rotatory. 

Resorclnum, Resorcin, Syn. Resorcinol, CgH4(OH)2, is manu 
factured by fusing sodium lienvxme m-disulphonate, CeH4(S03Na), 
with sodium hydroxide, a reaction analogous to that described fo 
the preparation of phenol (Method 2 ) ; 

CeH4(S03Na)2 + 4 NaOH = C«H4(ONa)2 + 2Na2S03 + 2H3O. 

Resorcinol forms colourless crystals, with a faint odour, mcltinj 
at 110 '’-! 11 ®.. It dissolves freely in water, alcohol, and ether. Its 
alkaline solutions darken on e:P|^8urc to air, owing to atmj^spheric 
oxidation, this being a characteristic of many polyhydric phcfiols. 
Its neutral aqueous solution gives, with ferric chloride, a bluish - 
violet colour. 

Hydroquinonet quinol, is formed as a product of 

hydrolysis of the ^ucoside arbutin (p. 383 ). It forms colourless 
crystals, melting at 169 ®. It is readily soluble in watqj:, and its 
aqueous solution, on warming with ferric chloride, gives an odour 
ofquinone. ^ , * , . . 

Qulnone, C9H4O,, is formed when quinol is treated with mild 

N 
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oxidising agents, such as ferric chloride. It is ^nerally prepay bv 
oxidising aniline with potassium dichromate and dilute sulphuric acid. 

Quinone forms yellow needles, with a ver^ penetrating and 
characteristic odour, melting at .116^. It sublimes when heated, 
and is volatile in steam. It is sparingly soluble in water, and has 
none of the properties ofoa phenol. 

Quinone has the constitution ; 

/CH=CHn^ 

CO CO or 0=/ ““\ = 0. 

'\ch=ch/ , 


^ can be seen, it is an unsaturated diketone, and is very different 
in structure from the ordinary aromatic ring compounds. Its 
lormation from quinol can bo represented as follows : 


OH 



0 

•II 

/\ 

+0 —> !| I 

\/ 

I! 

0 


+ H2O. 


Being an unsaturatt'd compotind, quinone ’can combine with two 
or four atoms of a halogen. When treated with bromine, for 
example, it yields first a dibromide, CaH^OgBrj, and finally a tetra- 
bromide, C,K 402 Br 4 . On reduction with sulphurous acid it is 
converted into hydroquinono. 


Trihydric Pjienols 


Pyrogallol, pyrogallic acid, C 4 H 3 (OH) 3 , is 1, 2, 3-trihydroxy- 
benzene : 

OH 

/\0H 

k/O" 

Pyrogallol. 

It is formed when gallic acid is gently heated : 

C,H,(0H)3.C0QH =C,H,(0H)3 + CO,. 

Qallio acid. 


Pyrogallol is a colourless crystalline compound, melting at 116®, 
and is readily soluble in water. Like the dihydric phencus, it is a 
wwerful redheing agent, and its alkaline solutions rapidly turn 
brown 01 ^ exposure to air owing to atmospheric oxidation. It 
precipitates metallic silver from smutions of silver salts, and on this 
account is employed as a developer in photography, as are also 
hydroquinone and certain other phenolic compounds. 
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CHAPTER XXXIII 

AROMATIC ALCOlIdLS, ALDEHYDES, AND KETONES 
Alcohoi^s 

It has been pointed out (p. 334) that the chc^mical iK'haviour of a 
particular radicle in the molecule of an aromatic compound depends 
largely on whether the radicle is directly attached to a carbon atom 
of a side-^hain or of the nucleus. Hadicl(« in a side-chain lx‘havc, 
as a rule, in much the same way as they do wh(*n pn‘scnt in an 
aliphatic compound ; radicles in th(^ nucleus, on the other hand, 
show entirely diffcnuit ])roiKTtics. Thesr^ gcneri^ stat(‘m(‘nt8 are 
well illustrated by a study of the aromatit^ hydroxy compounds. 
Compounds with hydrgxyl groups in the nucleus hifvo the properties^ 
characteristic of phenols, and have little* in common with the 
aliphatic alcohols ; those with hydroxyl groups ii] the side-chain, 
on the other hand, resemble the aliphatic alcohols in j^carly all th('ir 
chemical properties. 

Ben^l alcohol, CeHj.CHj.OH, is isonu ric ^th the cresols. It 
occurs, in the form of its benzoic and cinnamic osUts, in Balsamum 
Peruvianum, and to a smaller exUnt in Balsamum Tolutanum. It • 
can be prepared by h^^drolysing benzyl chloride with boiling alkali : 

CjHg . CHjCl + KOH - CgHj . CH^ . OH -t KCl. 

It can also be prepared by reducing benzaldehyde with nascent 
hydrogen : 

C^H^ . CHO + 2tt - CeHj . CH * . OH. 

Benz- 

aldehyde. 

Both these methods are similar to ^ose employed for the f)repara- 
tion of aliphatic alcohols. Benzyr alcohol can also bo made by 
shaking benzald(^hydc with aqueous potassium hydroxide, a method 
which has no analogue in the aliphatic series : 

2CeH5.CHO + KOH ^C^Hft.CHg.OH +C,H5.eOOK. 

PotaMium 

benzoate.* 

Benzyl alcohol is a colourless ^quid, with* an odour recalling 
that of almonds. It boils at 206"*, and is sparingly soluble in water. 

355 
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In chemical properties benzyl alcohol closely resemlSles the 
primary aliphatic alcohols. It is acted on by sodium and potassium 
with evolution of hydrogen and formation of metallic derivatives, 
such as CjHj.CHj.ONa. These derivatives, unlike the metallic 
• derivatives of phenols, are immediately decomposed by water, with 
regeneration of benzyl alcohol. Halides of phosphorus convert 
benzyl alcohol into the corresponding benzyl halide. For example : 

CeHj . CHa . OH + Fd , = CgHg . CHaCl + POCI3 + HQ. 

Benzyl alcohol reacts with acids in the absence of water, forming 
esters, such as benzyl acetate, CHj.COOCHa.CgHg. • 

On oxidation with dilute nitric acid benzyl alcohol is converted 
ijrst into benzaldehyde and then into Ix'nzoic acid : ^ 

CeHg . CHa . OH + 0 = CeH^ . CHO -f HaO, 

CgHfi . CHO + 0 - CgHj . COOH. 

Sallgenin, salicyl alcohol, o - Aydroxy - benzyl alcohol, 
CeH4(0H).CH2.0H, occurs, in combination, in the glucoside salicin, 
from which it can bo obtained by hydrolysis. It forms colourless 
crystals, melting at 82 ®, and is readily soluble in water. 

Saligenin is both a phenol and an alcohol. As a phenol it forms 
^a mono-sodium* derivative, C8H4(0Na).CH2.0H, when treated 
with sodium hydroxide in aqueous solution, and its aqueous solution 
gives with ferric chloride a blue colour. As an alcohol it forms a 
di-sodium derivative, CgH4(0Na).CH2.0Na, when treated with 
metallic sodiufn, and it can be oxidised first to salicylaldehyde and 
then to salicylic acid : ' i 

CeH 4 (OH) . CHa . OH + 0 = C 6 H 4 (OH) . CHO + HgO, 

Salicyl - 
aldohydo. 

CeH 4 (OH) . CHO -h 0 = CeH 4 (OH) . COOH. 

Salicylic acid. 


Aldehydes 

Benzaldehyde, C4H5.CHO, occurs in the glucoside amygdalin, 
from which it is liberated on hydrolysis. It is formed when benzyl 
alcohol is oxidised, and when & mixture of calcium benzoate and 
cidoium formate is strongly heated (compare the preparation of 
acetaldehyde, p. 236 ) : 

(CaHj.GOOlaCa (H,COO)aCa -2CeH5.CHO -i- 2 CaC 08 . 

Calcium 

Denaoate. 

It is manufactured by converting toluene into benzal dichloride 
(p. 3 M), and hydrolysing the product with hot milk of lime. The 
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- • 

first piDduct of hydrolysis is an unstable dihydroxy compound, 
which immediately loses a molecule of water, forming benzaldehyde : 


CH, 

action of chlorine 
Toluene. 


CHCl, 
/\ ■ 


CH(OH), CHO. 


1 / heat with • 

milk of lime 

Uonzal 
dichlorido. 


\/ 

Unstable 

interinediato 

compound. 




\/ 

Ikms* 

aldehyde. 


Benzaldehyde is a colourless oil, lioiling at 179®, and has an 
odour of bitter almonds. It is only sparingly soluble in water, but 
is miscible with alcohol. It yields benzyl alcohol on reduction 
with nascent hydrogen, and on ex])osure to air it is slowly oxidis^ 
to benzoic acid. Like the aliphatic aldidiydt s, it forms a bisulphite 
compound, a hydrazonc, an oxime, and a cyanohydrin. 


Banzyl n-diiclioii oxidation |j,.nioic 

alcohol. acid. 


C.Hj.CHO^ 








^KOfi 


r.Hs. (-11(011). SO3N.. 
Bcnzaldchydo 
Kodiuin 19isulj)hitc. 

^(',H,.CH:N.NH.r,H, 

ltcn7,ald«‘Iij»do 

hydrafono. 


Bt'nztilduxime. 

' ('.n,.(;if(0H).CN 

Hi*nzaldchydc 

cyanohydrin. 


Mention has already lx*en made (p. 355) of the curious reaction 
by which bt^nzaldehyde, on treatment with aipieous sodium or 
potassium hydroxide, yields benzyl alcohol and a salt of benzoic acid. 

Sallcylaldehyde, o - hydroxy - Ixuizaldehyde, U,H 4 ( 0 H).CH 0 , is 
formed when saligenin is oxidised yi^ith ))otas.sium (lichroifiate and 
dilute sulphuric acid. It can be made synthetically by boiling a 
solution of phenol in arjueous tMxlium hydroxide with chloroform 
(reaction of Reimer and Tiemann) : 

, OH + 4K0H + CHCI 3 = CeH 4 ( 0 K ) . CHO + 3lfCl + 3H,0. 

Salicylaldehyde is a colourless, oily liquid, with ad odour of 
meadow-sweet, and boils at 196®. It is s])aring^ soluble in water. 

Salicylaldehyde is bq^h a phenol and an aldehyde. Its aqueous 
solution gives a violet colour on addition of ferric chloride, and, 
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though only sparingly soluble in water, it dissolves readily in 
aqueous sodiuni hydroxide, with formation of a sodium derivative, 
C,H-(ONa) . CHO. It is converted by reducing agents into saligenin, 
and by oxidising agents into salicylic acid. 

* Cinnamlo aldehyde, CgHg.CH : CH.CHO, is an unsaturated 
aromatic aldehyde, which occurs to the extent of 66-66 per cent in 
Oleum Cinnamomi. It can bo premred synthetically by heating 
the calcium salt of cinnamic acid with calcium formate : 

(CeHj . CH : CH . COO) jCa + (H . COO)^ 

Calcium oinnamate. = ^CjHj , CH I CH . CHO + 2GaC03. 

Cinnamic aldehyde is an oily liquid, boiling at 247®, and has the 
characteristic odour of cinnamon. On exposure to air it is slowly 
oxidised to cinnamic acid (p. 368). * 

Ketones 

The aromatic ketones are not of great importance. They may 
contain either two aryl groups or one aryl and one alkyl. " 

Acetophenone, methyl phenyl ketone, C3H5.CO.CH3, can be 
prepared by heating a mixture of calcium acetate and calcium 
oenzoate, a method analogous to that employed for the preparation 
^of aliphatic ketones (p. 241) : 

(Ck,.COO)jCa + (C,H,.COO)jCa =2C.H5 .'cO .CH, + 2CaCO,. 

It is generally made, by a modification of Friedel and Crafts’ reaction 
(p. 330), by tflo action of acetyl chloride on Ix'nzenc in presence of 
anhydrous aluminium chloride : , 

CflHe + CH3 . COCl = CflHg . CO . CH3 + HCl. 

Acetophenone is a colourless crystalline compound, melting 
at 20°. In chemical properties it closely resembles the aliphatic 
ketones. It yields a hydrazone and an oxime, and on reduction it 
is converted into the secondary alcohol, C3H5.CH(OH).CH3. 

Benzophenone, diphenyl ketone, (CgHjlaCO, can be prepared 
by methods analogou.s to those described for acetophenone, namely, 
by heating calcium benzoate alone, or by the action of benzoyl 
cUoride on benzene in presence of a^ydrous aluminium chloride : 

(C3H5 , COO),Ca - Cellar CO . CeHj + CaCOj, 

C3H. +C3HJ.COCI =,C3H5.CO.CeH5 + HC1. 

Benzoyl 

chloride. 

Benzophenone is a crystalline solid, very similar in chemical 
properties to acetophenone. 



CHAPTER XXXIV 

THE AROIVI^TIC CARBOXYLIC ACIDS 

The aromatic^carboxylic acids are generally prepared by mothodB 
similar to those employed for the preparation of th(^ corre8|_Kmdiii|; 
aliphatic compounds. S(‘veral of th(*m an* used in pharmacy, both 
in the free state and in the form of their metallic salts and esters. 

Benzoic Acid, . COOH 

lienzoic acid occurs as its benzyl ester in Balsamuin Peruvianum, 
and U) a smaller extent in Balsamum Tolutanum., Ihmzoinum con- 
tains about 6*5 per cent of free benzoic acid, together with smaller 
quantities of bcmzoic esters. * 

Preparation. — (1) Benzoic acid is sometimes obtaineef froiu 
Benzoinum, or from unofficial varieties of iK'nzoin, by heating the 
resin in iron vessels, when the bc*nzoic acid sublimes, sublimate 
is purified by recrystallisation from boiling wat(*r. 

(2) It can tK; prepared by oxidising l)enzyl alcohol or b(*nzaldo- 
hyde, or by hydrolysing phenyl cyanide, all these nudhods lx‘ing 
similar to those i)reviou8ly descrilxMl for the preparation of the* 
fatty acids : 

CeHj . CHj . OH— >C,H5 . CHO— y C0H5 . COOH , 

CjHs . ON + 2H,0 = CeHj . COOH + NH3. 

(3) Boiling acidified i^tassium |)ermanganate slowly oxidises 
toluene to benzoic acid : 

CeHj.CHa + 30 -C,H^.COOH + H2O. 

As has been previously menyoned (p. 331), not only toluene, but 
all homolowes of benzene centring a. single side-chain yield 
benzoic acid on oxidation. 

(4) Benzoic acid is formed when Ixinzo-trichloride is hydrolysed, 

a method analogous to the preparation of benzaldehyde from benzal 
dichloride (p. 357) : • 

C,H5.Ca3— >C,H5.C(0H)3— >C,H5.C00H, 

Benzo- Unstable 

trichloride. intermediate 

* compouifd. 

360 
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(6) Benzoic acid is* manufactured from toluene. In ona process 
the toluene is irst converted into benzyl chloride, and this is then 
converted into benzoic acid by oxidation with nitric acid : 

CeHj . CHjjCl + 20 = CeH^ . COOH + HCl. 

Properties. — Benzoic %cid crystallises in light, colourless, glisten- 
ing plates. It is sparingly soluble in cold water, readily in hot, and 
is volatile in steam. 

In chemical properties it closely resembles the fatty acids. Its 
hot aqueous solution dissolves metallic carbonates with effervescence, 
forming the corresponding benzoates. Ferric benzoate is formed as 
a buff-coloured precipitate when ferric chloride is added to a neutml 
solution of a soluble benzoate. 

^ The following benzoates are official : • 

Ammonii Benzoas, C8H5.COONH4 (p. 97). 

Sodii Benzoas, CgHj.COONa (p. 85). 

Tests for Benzoates. — (1) When heated alone benzoates char. 
If heated with powd(‘red soda-lime they evolve vapours with an 
odour of benzene : 

CeKfi . COONa + NaOH - + Na^COg. 

« (2) If a fairlj^ concentrated neutral solidiion of a benzoate be 

treated with dilute hydrochloric acid a white precipitate of benzoic 
acid is produced. 

(3) Ferrk? phloride, added to a neutral solution of a benzoate, 

ffives a buff-coloured precipitate of ferric benzoate (distinction 
from salicylate). • 

(4) If a benzoate is wanned with a mixture of alcohol and con- 

• centrated sulphuric acid, the characteristic odour of ethyl Ijenzoate 
(p. 361) will be noticed. 


AGIDUM BENZOICUM 

Benzoic Acid 

The official substance crystallises in light, feathery plates and 
needles, soluble 1-460 in water, 1-3 in alcohol, 1-2*5 in ether, and 
1-7 in chloroform. If prepared synthetically from toluene it is 
odourless, and melts at 421 *6®, i'ut if obtained by sublimation from 
benzoin it has an agreeable, aromatic odour, and melts at about 120°. 

Twts lor Impurities. Non-volatile Matter . — When heated in a 
dry tube it should melt and sublime, leaving no more than a slight 
residue. 

Oxalate . — Boil with dilute acetic acid, cool thoroughly, filter, 
dilute the filtrate to about twice its bulk, and add calcium chloride. 
There should be no white precipitate of calcium oxalate. 

. Chlorcbenzoic Acid, C1H4CI.COOH. — ^Mix about 0*5 gramme of 
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the sanfple vrith about twice its weight of calcium* carbonate, and 
heat the mixture to redness in a crucible. Any ch!h>roben2oio acid 
will be decomposed with formation of calcium chloride. Allow the 
mass to cool, add excess of dilute nitric acid, boil, filter, and add to 
the nitrate silver nitrate. No more than a slight opalescence should 
be produced. • 

Cinnamic Acid (p. 368). — Warm about 0*5 gramme with an 
equal quantity of potassium permanganate and about 5 mils of 
dilute sulphuric acid. No odour of hcnzaldchyde should be 
noticeable. 

Arsenic Limit.— 2 parts per million (p. 176). 

Derivatives of Benzoic Acid 

e 

Numerous compounds can bo prepared from Ixmzoic acid by 
4ihe action of various reagents, usually by methods similar to those 
employed in the aliphatic s^Ties. Only the more important of these 
derivatives will bo described. 

Benzdyl chloride, C^Hj.COCl, bears the same relationship to 
benzoic acid as acetyl chloride docis to acetic acid. It is prepared 
by the action of phosphorus pentachloride on benzoic acid : 

CeHg . COOH + PCI5 = CaHfi . (X)C1 + PO(\ + HC^l. 

It is a fuming liquid, boiling at 1 98°, and is hydrolysed to HJenzoic 
acid by hot water • 

CaHj . COCl + HjO = C.U , . (^OOH + HCh 

Benzoic anhydride, (CaH5.(X))20, is formed when sodium 
benzoate is treated with IxMizoyl chlorides : 

CeHs.COONa +(:eH5.C(X:i = >0 + NaCl. 

It is a colourless, crystalline compoimd, melting at 42°. 

Ethyl benzoate, CaHj.COOPjHs, is formed when ethyl alcohol 
is treated with benzoyl chloride, but it is usually prepared by 
heating a mixture of ethyl alcohol, benzoic acid, and concentrated 
sulphuric acid : 

CeHj.COOH =CeHa.C90C2H5 

It is a colourless liquid, boiling at 213°, and has a pleasant aromatic 
odour. 

Benzamide, CjH. . CO . NH„ is prepared by shaking ethyl benzoate 
with a concentrated solution of ammonium hydroxidfe : 

C,Hj . COOCjHj + NH, « CeHj . CO . NH, + . GH. 

It forms colourless ervstab, melting at 130®. On boiling with 
aqueous alkalies it is hytlrolysed, u^th evolution of ammonia. 

K « 
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yCOs. ' • 

GluslduiUf §lu8ide, C-H/ )NH, known in commerce as 

^so/ 

saccharin, is an important derivative of benzoic acid. It is pre- 
, pared synthetically from toluene. ’When heated with concentrated 
sulphuric acid toluene is,converted into toluene o-sulphonic acid, 
together with smaller quantities of toluene p-sulphonic acid. The 
ortho acid is oxidised by potassium permanganate to o-sulpho- 
benzoic acid, and this, on treatment with ammonia, yields gluside : 


/\CH, 

/\,COOH 

/\C0\ 


1 ___ 


1 SOoH 

i SO 3 H 

so/ 

\/ ® 

\/ 

\/ . 

Toluono 

o-Sulpho- 

Gluside 

o-8ulpl»onio 

benzoic 

(Imide of 

acid. 

acid. 

osulpho-benzoio 

acid). 


Gluside is a white crystalline powder, sparingly soluble rn water. 
It dissolves readily in aqueous sodium hydroxide or carbonate, 

with formation #f a sodium salt, CaHiC /NNa, known as 

soluble gluside . • 


The Phthalic Acids 


There are three isomeric dicarboxylic acids derived from benzene, 

namely ; 


« 


COOH 

COOH 

/V'OOH 

A 

/\ 

[ COOH 

IcOOH 

1 

\/ 

\/ 

\/ 

Phthalic acid 

Isophthalic acid 

COOH 

(Benzene 

(Benzene 

Terophthalic acid 

o-dicarboxylio acid). 

m-dicarboxylio acid). 

(Benzene 

p-dicarboxylic acid). 


Of these phthalic acid is the most important. 

Phthalic acid, C,H 4 (COOH) 2 , is forfhed when o-xylene is oxidised 
with acid permanganate* : ^ 

C«H4(CH3)2 + 60 = GeH4(C00H), + 2H,0. 

It is prejwred by oxidising the hydrocarbon naphthalene (p. 370) 
with sulphuric *acid, in the presence of a little mercury as catalyst : 

« CjoHg + 90 = CeH4(C00H), + 2CO, + H,0. 

Phthalic acid forms colourless crystals, melting at 184°, and is 
sparingly soluble in cold water*. In most* chemical properties it 
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closely* resembles benzoic acid. On heating with soda>lime it is 
converted into benzene : • 


C«H4(C00H), + 4NaOH - + 2NaaCO, + 2H,0. 


Phthalic anhydride, C-H/ ^0, a compound similar in con- 


stitution to succinic anhydride (p. 287), is formed as a sublimate of 
long, colourless needles when phthalic a(‘id is strongly heated. 
Phthalic anhydride is converted, by the at‘tion of ammonia, into 
phthhlimide : 


/\COOH 


\/ 


COOH 


heat ^ 


/\ 


CO 

CO 


net ion of XHj 

i 


/\C0’ 




\/ 


:xy' 


NH 


Phthalic acid. Phthalic 


IMilhaliinide. 


anhydride. 


Phenblphthaleinum, Phenol phlhaUdn, C^Hj.O^, is prepared by 
heating phthalic anhydride with phenol, in the presence of con- 
centrated sulphuric acid as a dehydrating agent : • 


/\co 


\/ 


CO 


0+2(.l»H..0H 


/\/\ * 
\ 

■V \ 


0 . +H.0. 


\/\ / 

(K) 


Phonolphthaloin. 

• 

Phenolphthalein is a white crystalline powder, almost insoluble 
in water, but easily soluble in aieohol. A very dilute solution in 
aqueous alcohol is employed in volumetric analysis as an indicator, 
its use depending on the fact that ]»lu‘nolphthalein reacts with 
alkalies, with formation of intensely red salts. 


Salicylic Acid, CgHilOH) .COOH 

Salicylic, or o-hydroxybefezoie acid, is the acid (orrogponding 
to saligenin (p. 356) and 8alicylald(4iy<l<‘ (p.*3o7). It occurs natur- 
ally in Oleum Gaultheriae, which consists almost entirely of methyl 
salicylate, C.H 4 ( 0 H) . COOCH 3 . 

Preparation, — (1) Salicylic acid is formed when saligenin or 
salicylaldehyde is oxidised : 

CeH4(0H) . CH, . OH— >C 4 H 4 (OH) . CIIO— >C,H4(0H)^ COOH. 

(2) It is formed when a solution of phenol* in a<|ucous sodium 
hydroxide is heated witl carbon tetrachloride under pressure, thLS 
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beinff analogous to the Reimer-Tiemann method for the prept$ration 
of wSicylaldehycfc (p. 357) : 

CjHjONa + CCI4 + 5NaOH = C,H4(ONa) . COONa + 4Naa + SH^O. 

* (3) For pharmaceutical purposes it is sometimes prepared by 

boiling oil of wintergreen tmethyl salicylate) with dilute potassium 
hydroxide, when the oil is hydrolysed, with formation of methyl 
alcohol and the potassium salt of salicylic acid : 

CeH4(OH) . COOCH3 + 2KOH = CeH4(OK) . COOK + CH3 . OH + H2O. 

The methyl alcohol is distilled off, and the residual solution is coiv 
centrated by evaporation, cooled, and acidified with hydrochloric 
acid, when free salicylic acid is i)recipitated. The crude product 
is*purifiod by recrystallisation from hot water. 

(4) Salicylic acid* is manufactured by Kolbe’s process. Dry 
sodium phenatc i.s saturated with carbon dioxide under pressure, 
when sodium phenyl carbonate is formed* : 

.ONa 

CeH3.0Na + C02 = C0< 

^O.CA • 

Sociium phenyl 

^ • carbonate. 

The producft is heated at 130° under pressure, when it undergoes 
isomefic change to form sodium salicylicate : 

* • /ONa 

CO<' — > CeH4(OH). COONa, 

^O.CA Sodium salicylate. 

‘From the sodium salt the free acid is obtained by dissolving in 
water and adding hydrochloric acid. 

The acid mode by Kolbe’s process is known as “ artificial ” or 
“ synthetic ” salicylic acid, as distinct from the “ natural ” acid 
pre^red from oil of wintergreen. 

Properties. — Salicylic acid forms small colourless, prismatic 
crysteds, which melt at 160°, and when strongly heat^ sublime, 
with partial decomposition. When heated with lime it decomposes 
with formation of calcium carbonate and phenate : 

2C,H4(OH).COOH,+3CaO = (C,llj.O),Ca +2CaCO, +H,0. 

Salicylic acid has the properties of both an acid and a phenol. 
It is sparingly soluble in cold water, but dissolves readily in solutions 
of alkali carbonates, with formation of mono>metallic salts, such as 
sodium saUcytaie^ C4H4(OH). COONa. When treated with excess 
of sodium ^r potMsium hydroxide the hydro^n atoms of both the 
acidic and the phenolic hydroxyl groups are displaced by the metal, 
with formation of di'metcdlic salt, such as disodium scdicylaU, 
(^H4(ONa). COONa. These di-metaUic s&lts are decomposed by 
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carbod dioxide, 'with formation of the mono-metallic salts. For 
example : 

2 CeH 4 (ONa) . COONa + CO, + H,0 = 2 C,H 4 (OH) . COONa + Na,CO,. 

The following metallic salicylate are official, and have been previ% 
ously described : • 

Bismuth! SaUcylas, C 4 H 4 (OH).COO(BiO) (p. 154). 

Soffii Salicylas, € 4 ^ 4 ( 011 ). COONa (p. 86 ). 

Teats for Salicylates.— (\) When heat(‘d they char, evolving 
inflammable vapours with an odour of ])henol. 

• (2) When hydrochlorfc acid is added to a concentrated aqueous 

solution of a salicylate, a white preeii)itate of salicylic acid is produced . 

(3) Ferrie chloride, added to a neutral solution of a salicylate, 
gives a 'violet colour. 

( 4 ) When warmed with a few drop.s of alcohol and concentrated 
sulphuric acid, an odour recalling that of oil of wintergroen is 
evolved. 

ACIDUM SALICYLICUM 

Salicylic Acid 

The official substance crystallises in distinct^ colourless prisnj^, 
having a sweetish acid taste. Soluble about 1-5(X) ii^wat^r, l-3‘6 
in alcohol (90 per cent), and 1-2 in ether. Its melting-point is 
156°-157". ^ . 

Tests (or Impurities. Metallic ('ompouiuis. — On strong igmtion 
in an open cfuciblc it should leave no appreciable ash. 

/ron. Organic Impurities^ ami Colouring Matter. — Shake with 
a little water, filter, and evaporate the filtrate to dryness on -a 
water-bath. The residue should be white, and should have no 
buff-tinted fringe. * , . . , , 

Readily carbonisable Organic Impurities. — A solution in cold 
concentrated sulphuric acid should not acquire more than a faint 
brownish tint in fifteen minutes. 

PAsnof.— Dissolve about a gramme in fold aqueous sodium 
carbonate, shako the solution with an equal volume of ether, and 
allow the ether layer to evaporate spontaneously. The residue, if 
any, should bo free from tl^ odour of phenol. 

Arsenic Limit.— 2 parts per ipillion (p. 176). 

Derivatives of Salicylkj Acid 

Methyl Salicylas, Methyl SalicyUUe, C4H^(QH).COOCH„ is 
prepared by distflling a mixture of salicylic acid, methyl alcohol, 
and concentrated sulphuric acid : • 

C4H4(0H).C00H - C 4 H 4 (OHi. GOOCH, +H,0. 

Methyl salicylate is a colourless, oily liquid, boiling at 220*’, and is 
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only very sparingly soluble in water. Its molecule still contains the 
phenolio —OH poup, and on this account it dissolves freely in 
solutions of alkan hydroxides to form metallic derivatives, such as 
sodium methyl salicylaie, C0H4(ONa) . COOCH3. These metallic 
■derivatives react with dry alkyl halides, with formation of 
compounds of the ether* type, such as methyl methylsalicylalet 
CjHilO.CHjl.COOCHj. Methyl methylsalicylate, when boded 
with dilute alkalies, is hydrolysed with formation of an alkali salt 
of methylsalicylic acid^ U4H4{O.CH3).COOH ; the second methyl 
group is very firmly held, and cannot be removed by hydrolysw. 

Methyl salicylate constitutes about 99 per cent of Oleum Gaul> 
therise, and the synthetic ester is frequency employed for purposed 
for wWch the oil was formerly used. The two can be distinguished 
byttheir odours, which are slightly different, owing to*the presence 
of traces of other compounds in the natural product. 

Salol, Saloly phenyl salicylate, CeH4(OH) . COOC3H5, is pre- 
pared by the action of phosphorus oxyghloride on a mixture of 
sodium salicylate and sodium phenate : ^ 

2C.H4(0H) . COONa + 2CeH60Na + POCI3 

- 2CeH4(OH) . COOCcHg + 3NaCl + NaPO^. 


Salol is a crystalline powder with a characteristic aromatic odour, 
rfielting,at 42°43 . It is almost insoluble in#watcr, but dissolves 
readily in flrganio solvents, forming neutral solutions. When 
boiled with ^luto alkalie.s it undergoes hydrolj^is : 


C,H.(OH).COOr!,H, +3NaOH 

= C,H4(ONa) . COONa + C,Hj.ONa -(• 2HjO. 


t Tests for Impurities, — When shaken with water and filtered, 
separate portions of the filtrate should give no coloration with dilute 
feme chloride solution (absence of phenol, salicylic acid, and readily 
soluble salicylates), no opalescence with dilute nitric acid and silver 
nitrate (absence of chloride), and no turbidity with dilute hydro- 
chloric acid and barium chloride (absence of sulphate). 

On ignition, salol should leave no appreciable ash. 

Aoidum Acetylsalicylloum, Acetylsalicylic Acid, C3H4(0 . CO . CH3). 
COOH, popularly known as “ aspirin ”, is prepared by the action of 
acetyl chloride or acetic aidiydride on salicylic acid : 

CeH4(Ofl).COOH +CHj,COa=^eH4(O.CO.CH3).COOH +Ha. 


It is a white crystalline powder, with a slightly acid taste, imd 
is sparingly soluble in water. Melting-point, 133°-136®. Boiling 
dilute alkidies hydrolyse it, with formation of salts of acetic and 
salioylio acids. ' . , 

Tests f 01^ Impurities.— Vlhidn 0*5 gramme is shaken with 20 mils 
of water and a few c^ps of very dilute ferric chloride solution is 
added, no violet coloration should be produced (absence of salicylic 
acid). 
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On taition, it should leave no appreciable ash. 
Lead^mit . — 10 parts per million (p. 173). 
Arsenic Limit . — 2 parts per million (p. 176). 


Other Aromatic Acids 

Gallic Add, CeH 2 (OH) 3 .COOH.— Gallic acid occurs in the form 
of complex glucosidcs (“ tannins ”, p. 386) in galls and other plant 
products. It is 3, 4, 5-trihydroxybc‘nzoic acid : 


OH 

oh/\oh 


COOlf 


Gallic ttoiil. 


It is 'prepared by hydrolysing tannic acid (p. 3H5) with boiling 
dilute sulphuric acid, but can also bo obtained directly from plls. 
The powder^ galls arc boiled for half an hour with diluU' sulphuric 
acid in order to hydrolyse the tannic acid, and* the hot liquor is 
filtered through calico. Gallic acid crystallises frgm the filtrate on 
cooling, and can be purified by dissolving in hot waU'r, dccjolprismpf 
with animal charcoal, and r(3crystallising. 

Gallic acid crystallises in white silky necdh‘s, containing 1 
molecule of water. It is soluble about l-l(K) in iKjlfl waUT, th(3 
solubility increasing rapidly with ri.se in tcm}XTature. ^ 

When heated it loses its water of crystallisation at KM) , and at 
higher temi)eratures it evolves carbon dioxide, with formation of^ 
pyrogallol : 

CeH2(OH)3.COOH =C3H3{0H)3 + CO 2 . 

Like pyrogallol, gallic acid is a iiowerful nslucing agent, and pre- 
cipitates gold and silver from solutions of their salts. Its aqueous 
solution yields with ferric chloride a bluish-black precipitaU*. 

Gallic acid was oflicial in the 1898 Pharinacopaia. 

Mandeiic Add, C,H,XH(OH).(XJOH.--Mand.lic ^id is ^ 
example of an aromatic hj;^roxy'CarlK>xylic acid with both the 

—OH and the —GOOH groups in the side chain. , 

It is prepared by combining Vnzaldchyde with hydrocyanic 
acid, when benzaldehyde cyanohydrin is produced ; this on hydro- 
lysis yields mandeiic acid : 

/OH- 

CeHj.CHO + HCN 

Benzaldehyde 

cyanohydnn. 
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/OH /OH 

C,H,-eH< +2H,0=C,H,.CH< +NH,. 

XiN ^COOH 

. Mandelic acid* 

* Mandelic acid is a crystalline solid, and resembles lactic acid in 
that it has the properties*of both a carboxylic acid and a secondary 
alcohol. It diners from salicylic acid in that the — OH group, 
being in the side chain, is not phenolic ; thus it gives no coloration 
with ferric chloride, and only yields a mono-sodium salt when dis- 
solved in excess of aqueous sodium hydroxide. • 

Like lactic acid, mandelic acid contains an asymmetric carbon 
atom, and can be resolved into optically active forms. 

BemaMehyde cyanohydrin, or mandelo-nitrile, CgH^ . CH(OH) . CN, 
<riso contains an asymmetric carbon atom, and exists in optically 
isomeric forms. It is a product of hydrolysis of many naturally 
occurring cyanogenetic glucosides (p. 382), some of which yield the 
d-form, some the /-form, and others the d/-mixture. 

Cinnamic Add, C^Hg.CH : CH.COOH.— Cinnamic add is an 
example of an unsaturatcd aromatic acid, and is derived from 
acrylic acid (p.^267) by substitution of the group — for a 
hydrogen atom.*. It occurs in Styrax Prasparatus to the extent of 
20 per cent or more. 

« Cinnamic acid is slowly formed when tcinnamic aldehyde is 
exposed to«air : 

. CgHg.CH : CH.CH0-^0=CeH5.CH : CH.COOH. 

It is usually prepared from benzaldehyde by heating it with 
anhydrous soc^um acetate in the presence of adbtic' anhydride 
(Perkin’s reaction) : 

' CeH 5 .CHO + CHs,COONa=C,Hg.CH : CH.COONa + HgO. 

Sodium cinnamate. 

Cinnamic acid is a crystalline solid, sparingly soluble in cold 
water, fairly easily in hot. It shows the usual properties of an 
unsaturated acid (p. 267) ; thus, it reduces a cold alkaline solution 
of potassium permanganate, and forms additive products with 
nascent hydrogen, halogens, and halogen acids ; 


CgHg.CH: CH.COOH 





(',H5.CH,.CH,.C00H. 

^-Phenyl propionic acid 
(Hydrocinnamic acid). 


CgHg.CHBr.CHj.COOH 

/3-Phenyl-^-bromo- 
propionic acid. 


CeHg.CHBr.CHBr.COOH 

^-'**honyl-tt/5-dibromo • 
propionic acid. 



THE Aromatic carboxylic acids m 

A Varm, neutral or acia, soiuuon of potassium permanganate 
. oxidises cinnamic acid to benzaldehyde, a reaction^ which is \ued in 
testing for cinnamic acid as impurity in benzoic acid, and in dis- 
tinguishing between Sumatra ,^nzoin and unofficial varieties of 
be^in which contain little or no cinnamic acid : 

C,Hj.CH : CH.C00H + 40 = CeH5*.CH0+2C0, + H,0. 



CHAPTER XXXV 


NAPHTHALENE, ANTHBAOENE, PHBNANTHBENE, AND THEIR 
DERIVATIVES * 


Naphthalene, Ci^Hg 


Naphthalene is a hydrocarbon which occurs in coal-tar, from 
which source it is generally obtained. It crystallises in shining 
plates, melting at 79°, and has a peculiar and very characteristic 
odour. ♦ 

Naphthalene closely resembles benzene in chemical properties. 
It is readily ac^ed on by concentrat(}d nitric and opncentrated 
sulphuric acids, with formation of nitro -derivatives and sulphonic 
aciob respectively^ It is very stable towards most oxidising agents, 
but is /eadily oxidised to phthalic acid by sulphuric acid in the 
presence of Ihetallio mercury as catalyst (p. 362). 

Thp constitutional formula of naphthalene is 


CH CH 

Lh CH tJH 

\ch/ \ch/ 


ofti'n contracted to 


-/\/\ 


V\/ 


The molecule can thus bo regarded as consisting of two benzene 
nuoleii containing two carbon atoms in common. As in the case 
of benzene, the actual disposition of the fourth valency, bonds of 
the carbon atoms is unknown. The formation of phthalic acid 
from naphthalene is duo to the splitting up of one of the nucleii : 



(X 


COOH 


COOH 


Numerous derivatives of naphthalene are known. The mono- 
substitution derivatives can exist in two isomeric forms, distin- 
guishedas a and , 
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Napllthol» P-Naphthol, CioH7.0H. — From a pharmaceutical 
standpoint this is the most important derivative M naphthalene. 
It can be prepared from the hydrocarbon by heating it at 200® with 
concentrated sulphuric acid, converting the naphthalene /i-sulphonio 
acid thus formed into its potassium salt, and then fusing this with 
potassium hydroxide : 

,/\/\ /^v/XSOjH /\/\SOjK /\/\OH 

I I i-^i 1 I i ’ — >! I I 

V\/. \/\/ \/\/ \/\/ 

This is exactly analogous to the methixl by wliich phenol can be 
pfepared from benzene (p. 346). 

/i-Naphthol is met with in small, colourless, crystalline platt^s, 
having a chartfctoristic phenolic odour. Melting point, 122®. It 
sparingly soluble in watc‘r, readily in alcohol and in ether, forming 
neutral solutions. 

In chemical pro|)crties )^-naphthol behaves like a phenol. Thus 
it dissolves freely in solutions of sodium or ])ota8sium hydroxides 
forming iftetallic derivatives, and is precipitated from these alkaline 
solutions by acids, or by the action of carbon dioxide. It can bo 
distinguished*from the ti -compound by the fact thi^t, when treated 
with ferric chloride in boiling aqueous solution, *it gives a white 
precipitate, becoming brown. i 

a-Naphthol can be* prej>ared by converting naphtl^pleno into 
a-nitronaphthalcm? by heating with concentrated nitric acid, 
reducing the product to a*naphthylamine by means, of nascent 
hydrogen, and finally diazotising this base and boiling\he diazonium 
salt with watei'»: 

NOj, NHg N:N(1 OH 

/\/\ /\/\ /\./\ /\/\ /VN 

i I i— >1 ! - — >[ 1 1 

\/\/ \/\/ \/\/ \/\/ \/\/ 

a-Naphthol is a colourless crystalline compound, molting at 
95®, and resembles the /f -compound in its phenolic properties. Its 
aqueous solution gives, with ferric; chloride, a violet precipitate. 


AnTURA< KJJE, 

Anthracene is a hydrocarbon obtained from coal-t^r. Its 
molecule consists of two benzene liucleii Joined together by two 

^CH groups, and its formula can therefore be written : 

I I , I 


\/\'/V/ 

Anthracene crystalli^s in coloqrless glisteifing plates, melting 
at 213®. 
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Anthraqulnone, CiiHgOt.— When anthracene is heatbd with 
concentrate ifltric acid it does not, as one might expect, yield a 
nitro-derivative, but is oxidised to anthraquinone, a compound of 
the formula 


./\/^\/\ 


\/\co/' 


Anthraquinone forms yellow needles, melting at 285°, and has 
the usual properties of a ketone. In medicine anthraquiifone is 
chiefly of interest on account of the fact»that some of its derivatives 
are important constituents of the purgative drugs senna, aloes, 
rhubarb, and cascara (see p. 384). • 


Phenanthrene, C14HH) 

Phenanthrene is a hydrocarbon, •isomeric with anthracene, 
which occurs in coal-tar. Its structural formula is : 



or 


CH CH , 


PhenhnthBcne is of interest on account of its relationship to 
morphine, codeine, and certain other opium alkaloids (p. 397). 



CHAPTER XXXVI 

SOME CONSTITUENTS OF ESSENTIAL OILS OF PLANTS 

The volatile or essential oils of plants are entirely different, both fh 
properties and in chemical comixisition, from the fixed or fatty 
vegetable oils (p. 274). They are, as a rule, light, mobile, highly 
odoriferous liquids, which hre readily volatile, and can be distilled 
without decomposition. Most essential oils are optically active — 
an important point, since the speeific rotation of an essential oil 
often provides a useful criterion of its purity. , 

Chemically, the essential oils obtained from different plants 
differ widely in comiK)sition. Most of them are epmplex misctures, 
although a few, such As Oleum Sinaj)is Volatile (p. 307) andpieunf 
Gaultheruc (p. 366), consist of a single (chemical compound in a 
state of comparative purity. , 

Many essential oils consist largely of hydrocarbods of a class 
known as the, terpenes. These hydrocarbons are not themselves 
highly odorous, and such oils as contain them generally owe their 
characteristic odours to various compounds, jdich as alcohols,^ 
esters, aldehydes, ketones, and phcmols, many of which are simple' 
terpene derivatives . These odoriferous constituents are of ten present 
in the oil in comparatively small proportions, so that the terpene 
hydrocarbons act merely as diluents. The so-called “ terjieneless 
oils consist of essential oils from which the bulk of the terpene 
hydrocarbons have been separat/C’d by fractional distillation ; they 
thus present the odoriferous and flavouring constituents of the oil in 
a highly concentrated form, and have the additional advantage of 
being less liable to decomposition on keej)ing. 

This chapter deals with the more important naturally pccurring 
terpenes and related compounds. • For dt^jcrijitions of other con- 
stituents of essential oils see allyl isothiocyanate (p. 307), anethole 
(p. 348), thymol (p. 361), cugenol (p. 353), cinnamic aldehyde 
(p. 368), and methyl salicylate (p. 366). 

The Terpenes 

The simpler terpen^ are related to cymene (p. 332) in that the 
carbon atoms are arranged within *the molecule as follows : 

873 
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<=x> 

\c/ 

Ac 

\c/ 

i 

Some of the more complex terpenes jiave what are known as 
“ bridged ring ” structures of such types as 


/A 


/ 


\, 


/ 


I c^c-c 

k / 

><■/ 

•l 

•V, 


/ 


and 


C, 


C-C-C 
I I ( 

\c/ 

I 

C 


,c 


All the tei^*ncs are isomeric, and have the molecular formula 

Limonen^, ^10^16) ^ t3rpical terpene, and has the following 

constitution : 

CH3 CH2 

V 

I 

A«\ 

CH, (;h. 


(Ih, (^H 
\c/ 

in,* 

Lii#onene. 


The molecule contains an asymmetric carbon atom, and the hydro- 
carbon exists in two optically active forms, both of which occur 
naturfldly. The d~ form is the main constituent of Oleum Limonis, 
in which it occurs to the extent of about 90 per cent. The U form 
is less comiponly met with, but occurs to some extent in Oleum 
Menth» Viridis (American and Russian). dMimonene, or di^nfene, 
as it is usually called, is found m Oleum Qibebss and in Russian 
oil of turpentine. 
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limonene is a colourless liquid with a pleasant charactoristio 
odour, and boils at 175^. Its molecule contains twb double bonds, 
and, as might be expected, it combines directly with two molecular 
proportions of bromine to form a tetrabromide, 

When either d- or Mimonene is heated at about 250® in a sealed 
tube racemisation takes place, with formation of optically inactive 
dipentene. 

Pinene, CiqHu, is the commonest and most widely distributed 
of the terpene hydrocarbons, and has the structure 

CH 

H,c I (;h, 

jCH,- ('-CH, I 

I 1 

HC CH 

• 




CH, 

Pinonc. 


It contains two asymmetric carbon atoms, and exists in optically 
active forms. ' , 

Pinene is the main constituent of Oleum Terebinthuiffl Rectili- 
catum. The relative proportions of the d- and I- forms pres(»nt vary 
widely with different samples of the oil : as a rule, tjje d- forirt pre- 
ponderates in American samples and the I- form in French. Pinene 
also occurs in Oleum Eucaly])ti, Olt um Juniperi, Oleum Coriandri, 
Oleum Abietis, Oleum Rosmarini, and certain other essc^ntial oils. 

Pinene is a colourless, mobile li(|uid, which boils at 165®, and* 
has a characteristic odour resembling that of tur|x*ntino. 

It is unsaturated, and combines with bromine to form a 
dibromide, CiQH^Brj. It also combines directly with one molecular 
proportion of hydrogen chloride ; in this ease the reat^tion does not 
consist of a simple addition of UCl to the double bond, but involv(*s 
an interesting isomeric change, the product being bomyl chloride^ 
a derivative of bomeol (p. 376) : 


,CH, 


/CH.. 


\ 


/ , 


\ 


H,C 


(’H 


t • 


H,(J 


;CH,-C-CH, 1 +HC 1 

t I > 

CH H,(’ 




CH, 


CHCJ 


\ 


\ 




\c/ 

I 

CH, 

Pineno. 


cIth, 

Borayl chloride. 
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* 

Bornyl chloride is a crystallme solid which closely resembles camphor 
in odour and o^er physical proprties, and which for this reason 
is sometimes known as ** artificial camphor 

When shaken with sulphuric apid, pinene is converted into the 
isomeric hydrocarbon limonene. During the pro^ racemisation 
takes place, so that the product from either d- or i-pinene is dipentene 
(d^-Umonene). The official substance, Terehenum, Terebemt is 
prepared by shaking oil of turpentine with successive quantities of 
sulphuric acid until optically inactive. It consists of dipentene, 
mixed with smaller proportions of other hydrocarbons. * 

Amongst the other naturally occurring terpenes may be 'men- 
tioned camphenCt sylvestrene^ and the phdlandrenes. These are aft 
isomeric with pinene and limonene. 

« 

Derivatives of the Terpenes 


Clneoli CioHjgO, has the structural formula 


CH, CHa 


I I 

CH| CH, 

•"C ■ 

eft, 

Cineol. 



*and is therefore a compound of the ether type (p. 228). It is the 
main constituent and active principle of Oleum Eucalypti and 
Oleum Cajuputi, which are required by the Pharmacopoeia to 
contain, respective^, not less than 65 and 46 per cent of cineol. 

Borneol, Cifii^6y is a secondary alcohol of the formula 



Borneo). 


‘ Not to be .confused with true synthetic camphor. 
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ft / » 

It occuss, both in the free state and as its acetate, in Oleum Abietis 
and Oleum Rosmarini. 

Bomeol is a crystalline solid with a characteristic odour recalling 
that of camphor, and is volatile in steam. Like other alcohols, it 
can react with acids to form estefs. On treatment with phosphorus 
nentachioride it is converted into bornyl phloride, the — OH group 
Deing displaced by a chlorine atom. 

Camphora, CamphoTy CioHi^O, is the ketone corresponding to 
the secondary alcohol borneol, from which it can be prepared by 
oxidation :• 



• CHj 
Bonicol. 


\ 

H,(; cii, 

H,(’ (’() 

• \ / 

/ 


\(,/ 


CH* 

Camphor, 


• • 

Camphor occurs in Oleum Rosmarini, but it is generaUy obtained 
from the wood of the camphor tree, Cinnamomum ('amphora. 

Camphor is usually met with in colourless crystals,* or as tough 
crystalline masses, having a penetrating and very characteristic, 
odour. Melting-point about 175®. It readily sublimes on heating, 
and slowly volatilises even at ordinary te!Ti]KTatures. 

Being a ketone, it yields on reduction Ihe corresponding alcohol, • 
bomeol, together with smaller quantities of isobomeol, the latter 
being produced as a result of isomeric change : 




.<’11 

/ 

\ •/ '■ 

CH, H,C (H* 

< 'cHu- (’ 

CO 


/CH^ 


jCHa-C-CHj 
H,(J CH.OH H,(’« 

\ / . \ 


n/ 


\ 

CH, 


/ 




C " 


jClla C CH, I 
HC ^ CH, 

\ 

C(OH) 


CH, 

Bomeol. 


I 

(;h, 

tlJamphor. 


CH, 

Isobomeol. 


Camphor of the Pharmacopoeia is the 
obtained from Cinmmdrnum Camphoray but 


natural sul^tancc as 
synthetic camphor is 
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• • 

manitfactured in considerable quantities from pinene by the following 
series of reactions : 



Pinono. Bomyl chlol’ide. 



• • 

oynuiiutio camphor is optically inactive, whereas the official 
substance is dextro-rotatory, so the two can be easily distin- 
guished. 

Mwthob- Menthol, CjoH^O, k a secondary alcohol of the 
formiua : 
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CH, CH, 


CH * 

CHj \h.Oh' 

Lhj i'll, 

\h/ 

*CH3 

Menthol. 


Menthol is usually obtained from the volatile oil of Mentha 
arvensia. It is tho principal constituent of Oleum Menthte Piperit®, 
in which it occurs Iwth in tlie free state and in tht^ form of esters. 

Menthol forms colourless crystals or crystalline masses, melting 
at 42®-43*^, and having a characteristic odour and taste. It volatilist's 
rapidly and completely at tho tem|KTature of the watcT-bath, and 
is lffivo-rotat(Jry. ^ • 

On oxidation, menthol yields the c^rresfHiiuling ketone, menOtone : 


CHj CHj- 

(!fi, (’H, 

\ / 

\ / 

CH 

1 

(Tl 

1 

[h 

(^H 

/ \ 

/ \ 

CH, OH. OH 

('ll, (U) 

1 “ 1 

1 1 

C'Hj CHj 

1 1 

CJlg CH. 

\ / 

\ / 

CH 

1 

(’H 

1 

1 

CH, 

1 

CH3 

Menthol. 

Mcnflione, 


Menthono is a liquid, which also occurs in small quantities in OI(‘um 
Menthffi Piperit®. 


Open-chain Coj^pounds reEated to the Terpknes 

The compounds about to lx* describc'd are open-chain compounds. 
Nevertheleas, an inspection of their structural forraul® will show 
that they contain an arrangqjnent of carbon at(tmH somewhat 
similar to that of limonene, the ring bc-ing broken at one point. 

CH * 

Cltral, ’^.CH,.CH,.CH,.C(CH,):CIl.CHO. ig'tho chief 

ca/ ^ 
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odoriferous constituent of Oleum Limonis, although it is only present 
to the extent o4 about 4 per cent. Oleum Graminis Citrati contains 
as much as 70-80 per cent of citral. 

Citral is a colourless liquid, having the pleasant odour character- 
istic of oil of lemon. It l^ils at *224°-228°. It has the usual pro- 
perties of an aldehyde thus, it forms an additive product with 
sodium bisulphite, and can be reduced to the alcohol, geraniolf and 
oxidised to the acid, geranic acid : 


CH, 


’^C.CH,.CH,.CH,.C(CH3) : CH.CH,.OH. 

CHj Geraniol. ^ 


CH. 

CH, 


'^C.CH,.CH,.CH,.C(CH,) : CH.COOH. 

I Goranic acid. 


Like other aldehydes, citral reacts with hydroxylamine to form an 
oxime, and it is upon this fact that the pharmacopocial method of 
estimation of citral in Oleum Limonis is based. i 

CH,\ 

CJtroneUal, ^ ^.CH 8 .CH,.OH,.CH(CH 3 ).CH, CHO, occurs 

in Oleum Gramjnis (Htrati and certain other essential oils. It is 
»very similar to citral in structure and in properties. 

' • CH,\ 

I^nalooh ^C.CH,.CH,.CHj.C(CH 3 ).CH;CH„ is a con- 

OH 


stituent of many essential oils. It eontains an aHymmetric carbon 
atom, and exists in optically isomeric forms. The d-form (some- 
times known as coriandrol) forms about 90 jK*r cent of Oleum 
Coriannri, and the 1-form, which is more widely distributed, occurs 
in Oleum Lavandula, partly in the free state and partly as its 
acetate, and to a smaller extent in many other essential oils. 

Linalool is an alcohol, and is isomeric with geraniol. Under the 
influence of various reagents it is readily transformed into geraniol 
by a process of isomeric change. 



CHAPTER XXXVII 

TifB GLUCOSIDES 

The glucosideu form an important class of naturally occurrinj; 
vegetable substances. They are generally colourless, crystalline 
compounds which are easily hydrolyse<l by boiling dilute mineral 
acids, or by water in the presence of certain enzymes, with formation 
of a mixture of glucose andf some oth(T organic compound. Many 
naturally •occurring compounds which are derived from sugars 
other than glucose are classed, for convenience, as glucosides. As 
an example may lx? raentioncMl th<* “ glucoside ” barbaloin, which 
occurs in aloes, and which is a derivative, not of glucose, but of a 
sugar known as d-arabinose. # 

The naturally occurt’ing glucosides are all complex compounds f' 
so before dealing with them we shall consider briefly a few simpler 
compounds of the glucoside type which have been madf^ artifloially 
in the laboratory. • 

The Methyl glucosides. — The simpk st glucosides known are two 
optical isomers, called respectively y- and /i-methyl glucosides, both 
of which have the constitutional formula , 

CH2(0H) . CH(OH) . CH . CH(OH) . CH (OH) . OH . OCH 3 . 


. O 

The carbon atom shown in heavy type is that which accounts for 
the existence of the two stereoisomers. 

An equimolecular mixture ^of the methyl glucosides is forra(‘d 
by the action of hydrochloric acid ^ in the^cold, on a solution of 
glucose in methyl alcohol. The reaction can be represented as 
shown at top of following page. ^ The production of the glucosides 
thus involves a y-lactone formation (p. 255 ) . By the selective action 
of yeast on the mixture, and by fractional crystallisation, it has 
been found possible to separate It into its two components. * 
a- and ) 8 -methyl glucosides are both colourless crystalline com- 
pounds. They are hydrolysed by boiling dilute mineral acids, 
^ with formation of glucose and methyl alcohol in each case. 

Other similar sdkyl glucosides have been m%de synthetically. 

381 



' 882 TEXT-BOOK Of PHARMACEUTICAL CHEMISTRY 


CHj.OH, 

H-L-OH 

H-L-OH 


CHj.OH 

I 

H-C-OH 

h4 


\ 


\ 


HO-G-H “ -h ch.Toh^ HO-C— H \ 

I I \ 

H-C-OH A 


H-C-OH 


OHO 

Glucose. 


or 


/ 


1 / 
CH 3 O— C-H 
a-Mothyl glucosiclo. 


CH,.*OH 

I 

H-C-OH 

\ 

ho-c-h 

hJ[J-oi^ 

H!-C-OCH 

^-Methyl glucoside. 


0 


The Naturally Occurring Glucosides 

The glucosides found in plants are probably similar in structure 
to the simpler* synthetic alkyl glucosides. The group of atoms 
which takes the ^lace of the alkyl radicle varies widely in the case 
of different natural glucosides, so that the product of hydrolysis 
*otheivthan^ glucose may bo a phenol, an aromdtic alcohol or aldehyde, 
a cyanogen compound, an anthraquinono derivative, or even an 
alkaloid. ]J(Iany glucosides are of considerable pharmaceutical 
importance. * 

Salicinum, Salicin, Ci^HigO^, is obtained from the bark of 
various species of Salix and of Popultia. 

, Salicin is met with in colourless, glistening, crystalline plates, 
or as a white crystalline powder, having an exceedingly bitter taste. 
Melting point, 200°-201°. It is soluble 1 in 28 in water, less soluble 
in alcohol, and insoluble in ether. 

On hydrolysis with water, in the presence of emulsin (p. 383), 
salicin is converted into glucose and sidigenin : 

C 13 H 18 O 7 + H 3 O -CeHijOe + CeH 4 (OH) .CH 3 .OH. 

Tests for Salicin. — (1) If a little, concentrated sulphuric acid is 
added salicin a deep, red colour is developed in the cold. 

(2) When warmed with potassium oichromate and dilute 
sulphuric acid salicin is oxidised with formation of salicylaldehyde, 
which can be recognised by its characteristic odour of meadow- 
sweet. , 

Aihygdaliii, C20H17O11N, occurs <)o the extent of 2*5*4 per cent in 
the seeds of Prunus Amygdalus, var. amara. 

It is a white crptaUlne powder, melting at 200°, and is readily 
soluble in water. When warm^ with fairly concentrated sulphuric 
acid it is hydrolysed to glucose and bedzaldehyde cyanohydrin : 



im aiiUMipis 


C*H„0,iN +2H,0 =2C!,H„0, +C,H,-CH\ 

CN 

Benzaldehyde 

cyanohydrin. 

If boiling dilute hydrochloric acid is employed the reaction goes a 
stage further, the cyanohydrin being decomposed into benzaldehyde 
and hydrocyanic acid : 

✓OH 


CACH<^ 


C,Hs.CHO+HCN. 


With hot concentrated hydrochloric aeid the hydrolysis of 
amygdalin folk)Ws a different course, the final products bein^ 
glucose, ammonium chloride, and ?*mandelic acid : 

< OH 

coon 


Amygdalim is slowly hydrolysed to glucose, benzaldehyde, and 
hydrocyanic acid by cold water, in the presence of emulsin, a 
mixture of anzymes which occurs in bitter almonds. In the 
bitter almond seeds the amygdalin and emulsin dbcur in different 
cells. If, however, the seeds are crushed and #nacerated with 
water, and the mixture allowed to stand, the glucoside comes into* 
contact with the enzyme and a strong odour of hydrocyanic acid is 
developed. , • 

Sweet almonds (P, Amygdedus, var. dvlcis) contaffi emulsin, but 
differ from bitjer almonds in that they contain no amygdalin. 
They do not therefore develop any odour of hydrocyanic acid when 
macerated with water and allowed to stanrl. , 

Prulaurasin, Ci 4 Hi 70 eN, is the main active constituent of the 
fresh leaves of Prunua iMurocerasus. 

Prulaurasin forms colourless crystals, with a bitter taste, which 
melt at 120®. Chemically it is very simUar to amygdalin, and 
yields similar products on hydrolysis. Thus, when cherry laurel 
leaves are macerated with water, prunase, an enzyme present in 
the leaves, brings about the hy^olysis of the prulaurasin, with 
formation of glucose, benzaldehyde, and hydrocyanic aeid (compare 
p. 300) : 

C14H17O4N + H ,0 = C 7 H„Oe + CeHj .CRO + HCN. 

Arbutin, C 12 H 14 O 7 , ft a comparatively simple glucoside which 
occurs in the leaves of Arctostaphyloa Uva-ursi, It crystallises in 
colourless needles containing half a molecular proportion of water 
of crystallisation, and melts at 168®. On hydrolysis, either with 
boffmg dilute mineral acids or wfth water in the presence of eiAulsin, 
it yields glucose and hydroquinone (p. 353) : 

Cj,H „07 +H 2 O =CeH„Oe + C4H4(<DH)2. 

^ SInigrin, is a gluc<^de contained in black mustaref 
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seeds {Braaaic^ ainapoidea) and in horse-radish root (Q)chkaria 
Armoracia), accompanied by an enzyme called myrosin. When 
either of these drugs is macerated with water the enzyme is 
brought into contact with the glucoside, thus bringing about the 
• hydrolysis of the latter to a mixture of glucose, afiyl isothio- 
cyanate, and potassium hydrogen sulphate : 

CjoHieO^NSaK =C,H„Oe + C3H5.NCS + KHSO4. 

Strophanthln is a glucoside, or mixture of glucosides, which 
occurs to the extent of 8-10 per cent in the seeds of StropJmnthus 
Komhi. It is a white crystalline powder, readily soluble inVater, 
and when boiled with (&ute mineral hcids it is hydrolysed with 
formation of a sugar and a compound called strophanthidin. The 
production of strophanthidin in this way forms che basis of a 
chemical method for the assay of strophanthus seeds. 

When strophanthin is treated with 80 per cent sulphuric acid a 
deep green coloration is produced. TJiis reaction is described in 
the Pharmacopoeia as a test for the presence of the glucoside in 
strophanthus seeds. 

Saponins. — ^These constitute a class of glucosides which occur in 
a largo numbef ,of plants. They derive their generhl name from 
the fact that when shaken with water they dissolve, with the 
formation of a ^'soap-like froth. They aro^ protoplasmic poisons, 
bein^ toxic when injected directly into the* blood stream, but are 
much less so when taken by mouth. They are very toxic to certain 
cold-*blooded a^nimals, and many of them are strongly sternutatory. 

Saponins are divided into two classes : 

Acid Sapmina, including polygalic acid (in senega), quillaic 
acid (in quillaia), and guaiacsaponic acid (in guaiacum). 

• Neutral Saponins, which 'are the more toxic, including senegin 
(in senega), quillaiasapotoxin (in quillaia), and guaiacsaponin (in 
guaiacum). 

On hydrolysis, saponins yield various sugars, together with non- 
toxic, complex compounds known as sapogenins. Thus, for example, 
quillaic acid, CijH^Ojq, yields galactose and another sugar and 
quillaiasapogenin: 

Commercial ** saponin ” is a mixture of the saponins obtained 
from quillaia bark. 

Anthraqulnone Glucosides. — ^Many purgative drugs, such as 
senna, fcascara, rhubarb, and aloes, contain glucosides which, on 
hydrolysis, yield derivatives of anthra^none. Rhubarb, for 
example, contains a glucoside which oh hydrolysis yields chryso- 
phanic acid, a dihydroxymethylanthraquinone, which probably has 
the following structure : 
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Closely rdated to chrysophanic acid are aloe-emodin, which occurs 
in aloes, senna and rhubarb, and rhein, which occura in senna and 
rhubarb. These compounds probably have the following structures : 



AJoe-emodin. 


Rhein. 


Emodin* which occurs in cascara and rhubarb, is a hydroxy-deriva- 
tivS of chrysophanic acid of Ihe formula CHg. 61411402 ( 011 ) 3 . 

These anthraquinone derivatives occur in purgative drugs both 
in the free state and as glucosides. The glucosidcs are, for the most 
part, devoid of purgative properties, with the notable exception of 
harbaloirit which is a glucoside derived from aloe-emodin and 
d-arabinose, and is the chief active constituent of aloes. The 
purgative properties of*rhubarb appear to be due to a complex non- 
glucosidal fesin, which on hydrolysis yields derivatives of anthra- 
quinone, together with cinnamic and gallic acids. The active 
principles of senna and cascara are still unknown. • 

Gluoo-reslns. — Many drugs, such as jalap, orizabA jalap, turpeth, 
and scammony, contain considerable quantities of diighly complex 
resins, which consist Uf a large extent of mixtures of glucosides. ' 
On hydrolysis these glucosidal resins yield a variety of products, 
including sugars and complex “ resin acids ”, such as conjolvulinolic 
acid, ipurolic acid, and jalapinolic acid. * 

Estimation 0 ^ Resin in Tinctura Jahpce . — ^Tincture of Jalap is 
required to contain 1*5 grammes of jalap resin in 100 mils. The 
tincture may be assayed by the following process : 

Concentrate 10 mils of the tincture in a small tarcd beaker on 
a watei;-bath until most of the alcohol has been removed. Add 
about ^ mils of water, slightly acidified with hydrochloric acid, 
and allow the precipitated resin to subside. Pour off the water, 
and wash by decantation with further quantities of water. Set 
aside in a water-oven to di^', and then weigh from time to time 
until the weight is constant. The resin obtained from 10 mils pf 
tincture should weigh between 0*145 and 0165 ^amme. 

Aoidum Tsnnieum. Tannic Acid. /S'yn. Tannin. — ^This is a gluco- 
sidal substance obtained from galls. The powdered galls are exposed 
to a damp atmosphere foi%everal days^when fefmentation takes place. 
Tlie product is mixed with water-saturated ether, and, after allowing 
to stand, the liquid is separated by filtration in presses through fine 
linen. The ethereal extract thus obtained is shaken with water, 
which dissolves out the tannic acid, leaving resins, colouring matter, 
and other impurities in the ether. The aqueous layer is ^parat^ 
and evapora^ under diminished pressure, when the tannic acid 
remains as a pasty mass, ^hich is dned on porous plates in a water- 
oven. 
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^annio acid is a brownish powder, consisting of thin*glistening 
scales. It his a characteristic odour and a strongly astringent 
taste, and is freely soluble in water, alcohol (90 per cent), and 

g ycerin, but very sparingly in. dry ether. The aqueous solution 
w an acid reaction. 

Many mineral acids and salts precipitate tannic acid from its 
aqueous solution. Its aqueous solution precipitates solutions of 
isi^lass, albumen, alkaloids, and tartarated antimony, and gives 
with ferric chloride a deep bluish-black colour. 

The pharmacopceial formula of tannic acid is C|, 1 H 10 O 9 , but this 
is only an approximate empirical formula. In re^ty taimic acid 
is a complex condensation product of glucose and gallic acid, hnd 
is probaoly pentadigalloyl glucose (the digalloyl group being 
,C.H,(OH)3 .CO.O.cA(OH),.CO-) : 

CH 2 . 0 . CO . CeHj(OH) 3 . 0 . CO . CeH 2 (OH )3 
djH . 0 . CO . C,H,(0H)8 . O. CO . C,Hj(OH)j 
(1 h . 0 . CO . C,H,(OH), . 0 . CO . C,Hj(OH), ' 
(!!H.O.CO.C,H,(OH)j.O.CO.C,H,(Oli )3 
(^H . 0 . CO . C,H,{OH), . 0 . CO . C,H,(OH)j 


CHO. 

j Pentadigalloyl glucose. 

Pentadigalloyl glucose would have the molecular formula 
C 73 H 52 O 43 , and this is in fairly close agreement with the empirical 
^ formula Ci 4 Hio 09 . When tannic acid is boiled with dilute sulphuric 
acid it is hydrolysed with formation of glucose and gallic acid : 

C7«H53049 + lOHjO =CeHi30e + 10C3H3(OH)3.COOH.. 

Tannic acid is the most important of a class of substances known 
as tannins, which are all derivatives of polyhydroxy-aromatic acids. 
They owe their generic name to the fact that they are the active 
constituents of materials, such as oak bark, which are used in tanning 
s&ns. Tannins occur in a very large number of vegetable drugs, 
and are present in tinctures, etc., prepared from them. Many of 
these j)reparations, on keeping, deposit insoluble magmas, con- 
sisting of complex oSddation^ products oC the tannins, known as 
phlobaphenes. 

Commercial varieties of tannic acid, as used in dyeing and in 
the manufacture of inks, frequently contain free gallic acid, and 
are x^t suitable for medicinal user 



CHAPTER XXXVIII 


THE ALKALOIDS •and RELATED COMPOUNDS 


The term “vegetable alkaloid” is not easy to define, but in it^ 
widest sense it may be said to include all basic nitrogcmous organic 
compounds which occur in plants. Many of these compounds have 
marked physiological properties, and for this reason the alkaloids 
form one of the mo5t important groups of organic medicinal 
chemicals. • Many compounds have been prepared in the laboratory 
which have never been found in j)lants, but which closely resemble 
one or other oHhe naturally occurring alkaloids in constitution and 
in physiological action. Such comj)oundB are oft(*n known as 
“ synthetic alkaloids Over two himdred well-dfrfineil vegetable 
alkaloids are known at the present time, and this numbe^ is being 
continually added t<^ as diitterent plant i)roductB an^ investigated ; 
it is, therefore, only possible to describe hen* a f(‘W o^ the more 
important alkaloids employed in medicine. • 

Most alkaloid* are highly complex compounds. Many of them 
are derivatives of one or other of three bTtiary aromatic bases — 
pyridine, quinoline, and isoquinoline : • 


CH 

/ \ 

CH CH 

I 


CH 

Pyridine. 


CH 


CH CH 

/ \ / \ 

CH CH CH 

I I I 

CH CH , CH 

\ / \ / 

CH N 

Quinoline. 


CH (^H 

/ \ / \ 

(;H CH CH 


CH (^H 

\ / \ / 

C:H CH 

iHoquinolino. 


1 . 


Pyridine is closely related to benzene^ from \^hich it diff('r8 ^y in 

the fact that a nitrogen atom takes the place of one of the ^CH 

groups of the ring ; the problem of its constitution is similar to 
that of benzene in that the exact dispositions of the fourth valency 
bonds of the carbon atoms, and^f the third valency bond df the 
nitrogen atom, are unknown. Quinoline and isoquinoline are, in 
a ginnilar way, related to naphthalene. • 

All three compounds «occur, in ^mall quantities, in coal-tar. 
Pyridine is an evil-smelling liquid, and is geneudly obtained from 

387 
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the “ bone ojj ** produced by the destructive distillatiorf of bones. 
Quinoline is an ouy liquid, having an odour which is characteristic, 
but not so disagreeable as that of pyridine. Isoquinoline is a 
crystalline solid of low melting-point. 

Pyridine, quinoline, and isoquinoline are more or less similar in 
chemical properties tft the tertiary aliphatic amines. They are 
fairly strong monacid bases, their aqueous solutions being alkaline 
to litmus, and they combine with acids to form stable crystalline 
salts. Being tertiary bases^ they do not react with nitrous acid, 
like the corresponding aromatic hydrocarbons, they are very stable 
compounds, and pyridine in particular is not readily attacked by 
sulfuric or nitric acids, halogens, or oxidising agents. * 

The close relationship of pyridine, quinoline, and isoquinoline 
> to certain alkaloids is shown by the fact that, When the molecule 
of an alkaloid is broken up by oxidation, distillation over zinc dust, 
or in some other way, one or more of these bases, or their simpler 
derivatives, are not infrequently to be found amongst the disintegra- 
tion products. It must not be thought, however, that all alkaloids 
are derivatives of pyridine, quinoline, or isoquinoline ; in fact, many, 
such as cocaine, hyoscyamino, and caffeine, are not even distantly 
related to th<np. ' 

General Tests for Alkaloids.-~( I ) All the official alkaloids are 
white or coloutless crystalline solids, whic^ char on heating in a dry 
test-tube, emitting an odour resembling that of singed hair. They 
are all insoluble or sparingly soluble in water, but dissolve readily 
in 'dilute hycjrocliloric acid with formation of hydrochlorides. From 
such solutions they are precipitated on the addition of excess of 
sodium carbonate. •* 

(2) The salts of the official alkaloids arc crystalline compounds, 
and are, generally, readily soluble in water. From their aqueous 
solutions the addition of excess of sodium carbonate precipitates 
the free alkaloids. 

(3) Mayer's reagent, potassio-mercuric iodide, made by adding 
excess of potassium iodide solution to a solution of mercuric chloride, 

g ives, with solutions of alkaloids in the minimum quantity of dilute 
ydrochlorio acid, a white or pale yellow precipitate. Caffeine and 
theobromine do not give this precipitate. 

(4) Dragendorff's reagent, potassio-bismuth iodidej made by 
adding excess of ^tassium iodide solution to a solution of bismuth 
nitraw, gives with solutions^ of alkaloids in dilute mineral acid an 
orange or orange-red precipitate. * 

Cocaine, Ci7HgiN04 

tiocaine is the most importaUt of a number of alkaloids which 
occur ii. the leaves of Er^roxylum Coca and its varieties. As a 
rule, the leaves contain sometlung less than 1 per cent of total 
^ alkaloids. . , 

Cocaine is a monacid tertiary base, and forms cr3rBtalliiie sidts 
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with one equivalent of an acid. It has the following comparatively 
simple structure : • 

CHo- 


CH,- 


-OH 

j 

-CH.COOCH3 

N.CH, 

Ih.IJ.CO.CjH, 

1 

-CH 

-t^H, 

Cocaine. 



It is a derivative of the base tropine, from which many other alkaloids 
are derived : 

• CH, •-Vn (’Hj 


CH 

^ ^ Tropim'. 

Boiling dilftte acids or alkalies hydroly.se cocaim* to methyl alcohol, 
benzoic acid, and ecgonine, which is a tropine carboxylic acid : 

CH, CH—^H . COOCH 3 

LcHjCH.O.CO.C’eHs 

CH, l:!H (.’II, 


Cocaine. 


CH, 


CH -^(;h.cooh;ch,.oh 


— 


I I 

N.(1L CH. 


OH +(;H3.C00H 


KcgoniiH*. 

But with lx>iling water cocaine only imdcTgix's partial hydrolysis, 
with formation of benzoyl ecgonine : 

CH, CH CH.COOCH 3 

I if.CHjcH.O.CO.C.H, 


CH, CH CH, 

Cocaine. 


CH, ( JH CH . COOH + CH, . OH 

I N.CH, CH.O.OO.CjH,^ 

I I I 

CH, CH CH, 

Benzoyi 

eagonine. 
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Testa for Cocaine. — (1) Wann with concentrated sulphuric acid, 
Charri^ takes place, a pleasant odour of methyl benzoate (some- 
what similar to that of oil of wintergreen) is evolved, and a sublimate 
of benzoic acid forms on the sides of the tube. 

(2) Moisten with concentrated nitric acid, evaporate just to 
dryness, and add about ,1 mil of alcoholic potash. A pleasant odour 
is evolved, recalling peppermint. 

Benzaminei /i-eucaine, C 15 H 21 NO 2 , is an important synthetic 
alkaloid, which closely resembles cocaine both in structure and in 
ph 3 rsiological action.^ 

It is prepared by the following interesting synthetic process. 
2 molecules of acetone are condensed ivith 1 of ammonia, and the 
product is allowed to react with acetaldehyde to form a ketone, 
vinyldiacetonamino. This on reduction gives a secondary alcohol, 
Vinyldiaceton-alkamine,- which when treated with benzoyl chloride 
is converted into the hydrochloride of benzamine : 

(CH3)2C0 CH3 

+ I ' 

+ NH3 CO NHj CO 

I I . 

CH 3 CH 3 

Diacetonamino. 




+CH,.CHO , 


-CHj 

I 

NH CO 


CHj.CH 


I 


CHjj 

VinyUliacotonaniiiio. 


(CHjjjC CH, 


reduc- 


tion 


‘ > NH 


K 

1 


OH 


I 1 

CH3.CH--CH3 


Vinyldioceton- 
^ alkamine. 


(CH3)2C CH3 


f c.iie.coci^ HC 1 ,NH 

% \v 


O.CO.C-H, 


^H 

I , 

CH3.CH— CH2 


Benzamine 

hydrochloride. 

t 


Benzamine is a crystalline compound, and has the usual pro- 
perties of a strong monacid secondary base . It is the most important 
of a group of synthetic alkaloids which have, to a considerable 
extent, replaced cocaine as a local ^msosthetic. 


^ This .and other alkaloids of Iraser importance to the student are only 
described in general terms, even though they or their salts may be official, 
complete list of official alkaloids and alkaloidu salts is given on p. 404. 



THE ALKALOIDS AND RELATED COMPOUNDS 391 


COCAINA 

Cocaine 

Preparation. — (1) Powdered coca loaves are moistened with 
sodium hydroxide solution and percolate(| with petroleum spirit. 
From the organic solvent the alkaloid is extracted as its sulphate 
by means of dilute sulphuric acid. The acid solution is then made 
alkaline with sodium hydroxide, and the precipitated cocaine is 
purified by crystallisation from ether. 

(2) «Con8iderable quantities of cocaine are obtained from crude 
'^cake alkaloid” extracted* from coca leaves, shortly after collec- 
tion, in the countries where they are grown. The mixture of crude 
alkaloids (cocaipe, cinnamyl-cocaine, and iso-tropyl-cocaine) is sub- 
mitted to hydrolysis, and the cegonine thus produced is, after 
purification, converted into cocaine by esterification with methyl 
alcohol and sulphuric acid, and subsequent treatment of the methyl 
cegonine with benzoyUchlorkie. 

Propei^tes. — Colourless, monoclinic prisms, melting at 98°, and 
having a slightly bitter taste, followed by tingling and numbness. 
Soluble about^l-lSOO in water and 1-10 in alcohol (90 per cent). 

Tests for Impurities. — ^Tho product obtained dissolving in 
dilute hydrochloric acid and evaporating to dryness on a water-bath 
should be free from the impurities described under^cainas Hydro^ 
chloridura. 


COCAINE HYDROCHLORIDUM 

Cocaine Hydrochloride 

Preparation. — ^This is the product actually obtained os the 
result of the benzoylation of methyl cegonine. It may bo prepared • 
from cocaine by dissolving in dilute hydrochloric acid, evaporating 
to dryftess, and recrystallising the residue from a mixture oi alcohol 
and ether. 

Properties. — Colourless prisms or a crystalline powder, soluble 
1-0*5 in water and 1-3 in, alcohol (90 per cent). Melting-point, 
182°-186°. It should be stored in well-stoppered bottles of amber- 
coloured^glass, as it tends to decompose under influence of moisture 
and light. 

Tests lor Impurities. Moieture (Limit of). — It should lose not 
more than 1 per cent o^its weight ^hen dri^ at 100°. • 

Metallic Compounds. — On ignition, it should leave no appreci- 
able ash. 

Readily Carbonisahle Organic Compounds and certain other 
Alkcdoids. — 0*05 gramme should dissolve in 1 mil of cold con- 
centrated sulphuric or nitric aciS without coloration. * 

Cinnamyt-cocaine and certain other Coca Alkaloids.— drops of 
N/10 potassium permanganate added to a solution df 0*1 gramme of 
the salt in a mixture of 5>inils of wat«r and 3 drops of dilute sulphuric 
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acid^ves a violet colour, which, if dust is carefully excluded, should 
not fade in half an hour. 

Afimphcms Alkaloids (Limit of). — ^When 0*25 mil of Solution of 
Ammonia is mixed with a solution of 0*1 gramme of the salt in 100 
mils of water contained in a glass beaker and the mixture set aside 
for fifteen minutes, the «ides of the beaker being occasionally but 
not too vigorously rubbed with a glass rod, the cocaine separates 
as a crystalline precipitate, and the supernatant liquid should 
remain perfectly clear. 

Atropine, C17H23NO3 " ^ 

Atropine can be extracted from the root or leaves of Atropa 
Belladonna^ but commercially it is generally obtained from 
Hyoscyamus muticus. 

• Atropine is met with in colourless crystals or as a crystalline 
powder, sparingly soluble in water, readily in alcohol, ether, and 
chloroform. When pure it melts at 114*6^-1 16 *6°, but the com- 
cnercial alkaloid often contains a smalt quantity of hyoscyamine, 
prhich lowers the melting-point. Atropine is optically inactive. 

Atropine is a derivative of tropine, being, in fact, the tropyl 
jster of tropic qcid : qjj 

C,H,.GH<^ * 

\!OOH. . 

Tropic acid. 

'like, cocaine, atropine is a monacid tertiary base, and forms salts 
with one efiuk^alent of an acid. Boiling dilute acids or alkalies 
hydrolyse it to tropine and tropic acid : 

CHj CH CHa 


i,. 


C.H. 


ch.ch.o.co.Lh +H,0 


CH, Ih icH, 

Atropine. 


CHj.OH 

CH, CH CH, C,H, 


i. 


■ CH.CH.OH+CH.COOH 


CH,— ^H CH, CH,OH 

Tropine. Tropic acid. 

* * t 

Hyoscyamine, Ci^H^NO,, is the l-fom of the alkaloid of which 
atropine is the racemic form. The two alkaloids are therefore 
identical in chemical properties, though they differ sli^tly in such 
physio^ properties as melting-point^crystalline form, and solubility. 
Hyosoyamine occurs in Atropa Belladonna, Hyoscyamus niaer, 
Hyoscyamus muHcus, and other Solanaeeous plants. The alkaloid 
exbraoted Ifrom any^of these sources is a mixture of atropine and 
i^yosoyamine in varying proportions, togethcf^ with smaUer quantities 
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of hyotcine and other alkaloids. In most cases atropine Is not 
actu^y present in the plant, but is formed by racediisation of some 
of the hyoscyamine during the process of extraction. 

Homatroplne, CjeU^jNC,, is a well-known synthetic alkaloid 
which is very closely related to* atropine. It is prepared by the^ 
interaction of tropine and mandelic acid : • 


CH, CH CH, 

P,H, 



' N . CH3 CH . OH + CH . COOH 

1*1 1 



CHj-^CH CHj 

Tropine. 

1 

OH 

Mundelie 

acid. 





CH -CH, 

1 1 * 



— > 

N.CllJtJH.O.CO.CH 

1 1 1 


CH, 

1 1 

CH CHj 

Hoiiuitropine. 

OH 


Hoinatro^inc was introduced into o})hthalmic practice as an 
alternative to atropine, to which it is very similar* in physiological 
action. 


Quin INK, ('20H24N2O2 


This important alkaloid is obtained from the barf of various 
species of Cinchona. The amounts of total alkaloid ^contained in 
different cinchona barks vary considerably, the av(‘/hge b(‘ing about 
G-10 jX'r cent. • Quinine usually makes uj) about one-quarter of the 
total alkaloid, the remainder consisting of quinidine, cinchonine, 
cinchonidinc, and a numlxT of alkaloids of 1(‘hs(t iin}X)rtance. AU 
the alkaloids are present in the bark in combination with various 
complex organic acids, such as quinic; and cinchotannic acids. 

Quinine crystallise.^ in colourless needles containing 3 molecules 
of water of crystallisation. It is sparingly soluble in water, but 
dissolves readily in organic solvents. It has an intensely bitter 
taste, and is laevorotatory.* 

Quinine is a derivative of (|uinc»line, and probably has the 
constitiftion 


• A 

CH(()H).(’K 
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It is a di-acid tertiary base, and forms salts with two equivalents 

of an acid. ‘ 

It is noteworthy that the monacid salts of quinine are generally 
much less soluble in water than the di-acid salts. Thus the mono- 
. hydrochloride (Quininse Hydrochloridum) is soluble 1-36 and the 
di-hydrochloride (Quiniitte Hydrochloridum Acidum) more than 
1-1. The mono-sulphate (Quinines Sulphas) is only sparingly 
soluble (1-800) in water, an unusual property for an alkaloidal 
salt ; it dissolves freely in dilute mineral acid, with formation of 
di-acid salts. 

On oxidation with chromic acid quinine is decomposed with 
formation of quininic acid, a derivative of quinoline : • 

COOH 

Quininic acid. 

This fact shows clearly the close relationship of^ quinine to 
quinoline. 

Testa for Quinine. — (1) A dilute solution of quinine or a quinine 
salt in dilute sulphuric acid shows a characteristic blue fluorescence. 

(2) Dissolve a small quantity of quinine in a few drops of con- 
tii^ntrated sulphuric acid in a porcelain dish. The solution is 
colourless, bilb becomes green on addition of a crystal of potassium 
dichromate. 

(3) To about 10 mils of an approximately 1-lOCib solution of a 
quinine salt add about 0-5 mil of bromine water, shake well, and 
ddd 3 drops of Solution of Ammonia, when a bright green colora- 
tion is produced. This is a very reliable test, provided that the 
reagents are added in approximately correct proportions. 

Quinidine, CgoHs^N^Os, is similar to quinine in chemical pro- 
perties, but is dextrorotatory. It appears to be a stereoisomer of 
quinine. , 

Cinohonlne, Ci^HjaN^O, is identical in structure with quinine, 
except that it does not contain the CH^O — ^oup. Like quinine, 
it is a di-acid tertiary base. When oxidised it yidds, not quininic, 
but cinchoninic acid : 

‘COOH 



Cinchoninio acid. 

Olnehoiddine, C|^siN|0, is probably a stereoisomer of 
oinohonine. 
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.QUININiE SULPHAS 

Quinine Sulphate 

Preparation. — Most of the “ iquinino ” of commerce is obtained 
from the bark of Cinchona Ledgeriana, ^hich is largely mwn in* 
Java and South America, but considerable quantities of bark are 
now being imported from India.^ 

The powdered bark is intimatelv mixed with sodium hydroxide 
solution and slaked lime. The liDorated alkaloids are extracted 
with4iot petroleum, which is separated and shaken with the requisite 
quantity of hot, very diluie sulphuric acid, when the alkaloids pass 
into the aqueous layer as normal sulphates. The aqueous liquid 
is separated aj;id cooled, when the sparingly soluble quinine sulphate 
crystallises out. The product is redissolved in boiling water, 
decolorised with animal charcoal, and recrystallised. 

Properties. — Small, light, colourless, silky needles having an 
intensely bitter taste. Soluble 1-800 in water and 1-66 in alcohol 
(90 per e/?nt), the aqueous solution having a faint blue fluorescence. 
Freely soluble in dilute mineral acids. On exposure to air the 
crystals effloresce, the water of crystallisation being reduced from 
7J molecules to 2 molecules. • * 

Tests for Impurities. Metallic Compounds.— On ignition, it 
should leave no appreciable ash. * • 

Ammonium SulphcUe and Inorganic Sails.— I gramme Should 
dissolve completely in 7 mils of a mixture of 2 volumes of chlorofor^jj! 
and 1 volume of absolute alcohol. • • 

Other Ciwjjuma Alkaloids (Limit of ). — ^This tost depends upon 
the facts that the sulphates of other Cinchona alkaloids are more 
soluble in water than is quinine sulphate, and that free quinine is 
easily soluble in excess of ammonium hydroxide, whereas othef 
Cinchona al^loids are not. Digest 2 grammes of the salt (weighed 
after Mryin^t 50°) with 20 mils of water in a stoppered test tube 
at 60°-65° for half an hour, with frequent shaking. Cool to 15°, 
keep at this temperature for half an hour, stirring occasionally, 
press the crystals, and filter the expressed liquid. Tramder 5 mils 
of this filtrate to a dry test tube, bring to a temperature of 16°, 
and gradually add Solution of Ammonia, also at a temperature of 
16°, from a burette. The precipitate produced should redissolve on 
rotating. the tube, when noiproore than 6 mils of the Solution of 
Ammonia have been c^^ded. 

QUININ/E HYDROCHLORIDUM 

Quinine Jlydrochloride 

Preparation. — (1) Quinine, freshly precipitated frqpi an acid 
solution of its sulphate by means of slight oxcess ^f sodium 

^ Quinine jflsued from Siovemment lactoriee in India ia coloured pink, in 
order to diatinguish it from other commercial vorietipi. * 
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carbonate or aii\monia, is dissolved in sufficient dilate hydrdbhloric 
acid to produce a neutral solution, which is set aside to crystallise. 

(2) It may also be obtained by double decomposition between 
barium chloride solution and quinine sulphate. 

• Properties* — Colourless, silky, slightly efflorescent crystals. 
Soluble 1-36 in water and 1-2 in alcohol (90 per cent), forming 
neutral or faintly alkaline solutions. 

Tests for Impurities. Metallic Compounds. — On ignition, it 
should leave no appreciable ash. 

Ammonium ^^phate and Inorganic Salts. — ^Test ’ as ^der 
Quinine Sulphas. 

Barium. — The aqueous solution should yield no turbidity on 
the addition of dilute sulphuric acid. 

^Sulphate. — ^The aqueous solution should yield no^ turbidity on 
the addition of barium chloride. 

Readily Carbonisahle Organic Compounds and certain other 
Alkaloids. — It should dissolve without, coloration in cold, con- 
centrated sulphuric or nitric acid. * 

Other Cinchona Alkaloids ( Limit of). — The PharraacopcSia says : 
“ When 2 grammes are dissolved in a warm mortar in 20 millilitres 
of water at 60°« ^1 gramme of powdered non-offloreSced sodium 
sulphate added, the mixture triturated, cooled, allowed to stand at 
o;i:actly 16° for ha^f an hour with occasional stirring, the crystals of 
quinine sulphate pressed, and the expressed liquid filtered, 5 milli- 
litres of this filtrate, transferred to a dry test tube and brought to 
a* tomperatum oj[ 16°, yield, on the gradual addition of 0 milulitres 
of Solution of Ammonia, also at a temperature of 16°, a precipitate 
which redissolves on rotating the tube.” 

The B.P.C. suggests the following more accurate process : Mix 
2 grammes of the salt with 10 mils of water in a separator, add a 
slight excess of ammonium hydroxide, extract the alkaloid by 
shaking with ether several times, evaporate the ethereal solution, 
dissolve the residual alkaloid in alcohol, and exactly neutralise it 
with dilute sulphuric acid. Evaporate the neutral solution to 
dryness, and test the residue of quinine sulphate as described under 
Quininss Sulphas. 

Quantitative Test. — It should lose not more than 9*1 per cent of 
its weight when dried at 100° (equivalent to 2 molecules df water 
of crystallisation). , 

• 

Quinlnee Hydrochlbridum Acidum. Alid Quinine Hydro- 
chloride. — ^This may be prepred by dissolving quinine or quinine 
hydrochloride in excess of dilute hydrochloric acid and crystallising, 
or by double decomposition between solutions of barium chloride 
and quinine acid sulphate. * 

Properties. — A white crystalline or amorphous powder, soluble 
2-1*5 in water, forming an acid solution ; soluble 1-5 in alcohol 
(Mpreent). * , « 

Tests for Impurities. — ^Dissolve 2 grammes in 16 mils of water, 
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neutnUise the solution with N/1 sodium hydroxide, mix Vith 1 
gramme of powdered, non-effloresced sodium sulphate, and proceed 
as d^ribed in the pharmaconoeial test under Quininsa Hydro- 
chloridum (Limit of other Cinchona Alkaloids), or the alternative 
method there described may be ‘employed. 

On ignition, Quininaa Hydrochloridum Acidum should leave n(f 
appreciable ash. When dried at 100° it should lose not more than 
3 per cent of its weight (Limit of Moisture). 

Quantitative Test . — 1 gramme dissolved in 20 mils of water 
should require for neutralisation not more than 5-0 mils of N/1 
sodium hydroxide, using phenolphthalein as indicator. 

MoRPHINK, C17H1JNO8 

Morphine was the first alkaloid to l)c discovered, and is the ohicf 
alkaloidal constituent and active medicinal principle of o])iuin, good 
average samples of which eontain about 10 j)er amt of morphine. 
Some twenty other* alkaloids have iK^en isolated from opium, and 
of thesq the more important arc nareotino, papaverine, thobaine, 
narceine, and codeine. Most of the morj)hine in opium is prcsimt 
as sulphatg or in combination with a crystalline alij)hatic acid, 
known os meconic acid, of the formula (’5H2U3(C()()H)2,3HjO. 
Traces of meconic acid can bo easily detected by ddieato colour 
reactions — a 4^ct of considerable imjK)rtancc ih toxicologv, since 
the presence of meconic acid is a very strong indication of the 
presence of opium, in contradistinction to morphine per se. • 
Morphine is a colourless crystalline com])ounjJ, wery s|!aringly 
soluble in wa^r, and having an intensely bitter taste. Chemically, 
it is a very complex compound, and its structure is not definitely 
known. It is probably a derivative of phenanthrene. 

Morphine is a monacid tertiary base, forming salts with oAe 
equivalent of an acid. It differs from most of the other common 
alkaloids in that it has phenolic as well as basic properties. If, for 
instance, sodium, potassium, or calcium hydroxide is added to an 
aqueous solution of a morphine salt, the precipitate of the free 
alxaloid at first produced rcdissolves in excess of the precipitant, 
owing to the formation of a soluble metallic derivative. With 
ammopium hydroxide, however, the precipitate is only with difficulty 
soluble in excess. In forming metallic salts, morphine reacts with 
one equivalent of an alkali jp showing that its molecule contains one 
phenolic — OH groqp. Anothei^ — OH ^oup, which il probably 
alcoholic, is also present. 

When morphine is distilled over zinc dust it is decomposed with 
formation of a number of simpler compounds, among which are 
pyridine and quinoline. • ^ 

Testa for Morphine. — (1) Its solubility in aqueous sodium 
hydroxide serves to distinguish morphine . from other common 
aUudoids. • * * 

(2) Morphine libefhtes iodln» from iodic acid. When a dilpte, 



I 


S98 TEXT-BOOK OF PHAMACEtmCAL CHEMISTRY 

acid Boiution of a morptune salt is added to a solution of potassium * 
iodate containing starch muciiagc a deep blue coloration is at once 
produced. 

(3) A solution of a morphine salt gives with ferric chloride a 
greenish-blue colour. If to this liquid potassium ferricyanide be 
idded a deep blue precipitate of Prussian blue is produced. 

(4) Dissolve about 0*1 gramme of morphine or a morphine salt 

in about 2 mils of concentrated sulphuric acid, heat the solution on 
a water-bath for fifteen minutes, cool, and add a few drops of dilute 
nitric acid. A deep violet colour is produced, changing capidly to 
blood-red. This is a very delicate test. • 

Codeinoi CijHjiNOj, is an alkaloid which occurs in opium. It* 
is derived theoretically from morphine by the displacement of the 
hydrogen atom of the phenolic —OH group by the methyl group, 
“^H8, and it can, in fact, be prepared from morphine by the action 
of methyl iodide ift the presence of potassium hydroxide. 

Codeine forms colourless crystals, sparingly soluble in water, 
the aqueous solution having a bitter t&ste and an alkaline reaction, 
like morphine, it is a monacid tertiary base, and dissolves freely 
in dilute mineral acids with formation of salts ; but, as its molecule 
does not contain a free phenolic —OH group, it does not dissolve 
in aqueous alkalies* 

Apomorphine, ^i7Hi7N02, does not occur naturally, but can be 
produced from morphine by the removal of a molecule of water. 
The hydrochloride is prepared for medicinal purposes by heating 
idorph^e with hydrochloric acid in sealed tubes. 

DiamorphlfieyfCuHjsNOK, sometimes known as “ heroin ”, is the 
diacetyl derivative of morphine, the hydrogen atoms pf both —OH 
groups having been displaced by acetyl groups (CH3.CO— )v 
Diamorphine is prepared from morphine by the action of acetic 
ahhydride (p. 250). 


M01tPHIN.ffi HYDROCHLORIDUM 

Morphine Hydrochloride 

• Preparation. — ^Morphine is usually extracted from Smyrna 
onium, which contains from 12-20 per cent, according to variety. 
Tne powdered opium is levigated with calcium chloride solution, 
whereupon double decomposition taketf place with precipitation of 
calcium meconate and smphate/ all the alkaloids present being 
converted into soluble hydr^hlorides. Hot water is added and the 
liquid filtered, sodium sulphite beinff added to the filtrate to prevent 
oxidation of the morphine. The liquid is next concentrated by 
evaporatipn, and sodium acetate is ^ded to precipitate narcotine 
and other alkaloids, which are filter^ qff. The morphine is pre- 
oimtated by^the ^dition of (^cium hydroxide and ammomum 
omoiide, which interact with liberation of free ammonia, a little 
alcohol being previously added Ur induce thd crystallisation of the 

I' 
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morphine. The codeine remains in the filtrate. The morphine is 
freed from any traces of remaining alkaloids by washing with 
benzene, and is then converted into the hydrochloride by dissolving 
in sufficient hydrochloric acid to produce a neutral solution, 
crystallising. 

Properties. — Colourless needles or at white, microcrystalline* 
powder. Soluble 1-25 in water and 1-50 in alcohol (90 per cent), 
forming neutral solutions. 

Tests for Impurities. Metallic Compounds. — On ignition, the 
ash, if any,* should be too small to be weighable. 

NArcotine and certain other Alkalotds. — The precipitate of 
free alkaloid produced on ^he addition of ammonium hydroxide to 
the aqueous solution should yield, after filtering and drying, not 
more than a trace to benzene. 

Narcoline, Narceine, and Thebaine.-^li should dissolve in coW, 
concentrated sulphuric acid with not more than a faint and transient 
pink colour. 

Apomorphine. — One drep df iwtassium carbonate solution added 
to 5 mil® of a 1-30 aqueous solution should yield a pure white pre- 
cipitate. The precipitate should remain white on exposure to air, 
and should impart no reddish colour to chloroform when shaken 
with it. • • • 

Quantitative Test. — When dried at 100" it should lost? about 
14 per cent of its weight (eqiqvalent to 3 rnoltfcules of water of 
crystallisation). • * 

Quantitative Estimation. — Weigh 2 grammes of the crystallino 
salt, dissolve in 50 mils of warm, moq>hinatcd waV'r^^p. 414^, add 
a slight exce^ of ammonium hydroxide, cool, filtt*r of! the pre- 
cipitate, wash it with cold, morphinated water, anti dry at 115® ; 

Ci,H„N03-C,7H„N()3.HC1,3H20, 

285 grammes 375-5 grammes. 

The Pharmacopoeia requires that the precipitate from 2 grammes 
shall weigh from 1-50 to 1-52 grammes, corresponding to 75 to 76 
per cent of anhydrous morphine. 

• 

Morphinee Acetas. Morphine Acetate. — ^This is prepared by 
suspending freshly precipitated morphine in water, neutralising 
with acetic acid, evaporating on a water- bath until the product 
solidifieaon cooling, and thoa drying the salt at a gentle heat. 

Properties. — A whl^e crystallins or amorphous powder.* Almost 
entirely soluble 1-2*5 in water ; H(»luble l-lOO in alcohol (90 per 
cent). On exposure to air it slowly loses acetic acid, be(X)itung 
basic, and may become brownish in colour. On this account the 
aqueous solutions are usually Rightly turbid. • 

Test for Impurities.— On ignition, it should leave no appreciable 
* ash (absence of metallic compounds). » 

QmfUiUitive Estimation. — Dissolve 2 gramipes fn 5 mils of warm, 
morphinated water, wfth the addition of about 0*1 mil of acetic 
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acid, tod estimate the morphine gravimetrically, as described under 
Morphinse Hyd^chloridum : 

Ci,h„no3 ^ 

285 grammes s 399 grammes. 

The Pharmacopoeia requires that the precipitate from 2 grammes 
of the salt shall weigh from 1 *41 to 1 *44 grammes, corresponding to 
70*5 to 72*0 per cent of anhydrous morphine. 

MorphlnsB Tartras. Morphine Tartrate. — ^This is jirepared by 
suspending morphine in water, neutralising with tartaric acid, and 
evaporating to crystallisation at a gentla heat. • 

Propertie8.---Mmviie, colourless needles, sometimes conglutin- 
ated. Efflorescent at 20°. Soluble 1-11 in water, forming a clear, 
neutral solution ; sparingly soluble in alcohol (90 per cent). 

Test for Imp'i^rities. — On ignition, it should leave no appreciable 
ash (absence of metallic compounds). 

Quantitative Estirnation.—jyiQBoWe 2 grammes in 20 mils of 
warm, morphinated water, and estimate the morphine gravimetric- 
ally, as described under Morphinas Hydrochloridum : 

2a,Hi3N03^(C„Hi3N03)3,C4HePe,3H3T), 

2 X 285 grammes s 774 grammes. 

The Pharmacopoeia requires that the precipitate from 2 grammes 
shall i^eighdrom 1*46 to 1*49 grammes, corresponding to 73 to 74*6 
Tper cent of anhydrous morphine. 

* r 

Solutions of Morphine Salts. — The above morphine salts are 
included in three official liquors, all of which are 1 per cent solutions. 
In the cases of the hydrochloride and the acetate, a little of the 
corresponding acid is added to the solution to compensate for the 
instability of the salts. In the case of the more stable tartrate this 
is unnecessary. The stability of the tartrate accounts for its use 
in the official hypodermic injection. 

Strychnine, CgiHjjNaOj 

Strychnine occurs, together with the closely related Alkaloid 
brucine, in the seeds of Strychnos Nux-vomica and other species 
of Strychnos. Nux vomica seeds usually contain about 3. per cent 
of totm alkaloids, of whkh abou/) one-half isistrychnine. 

Strychnine is a very complex alkaloid, and its constitution is 
not known with certainty. It is probably a derivative of quinoline. 

Althou|^ the molecide contains two nitrogen atoms, strychnine 
is a mqpacid Wrtiary base, and con\bines with only one equivalent 
of acids to form salts. 

Test Jof iS^frvcAntne.-— Dissolve a fragment in a few drops of 
concentrated sulphuric acid in a porcelain dish, and add a little 
PQwdered potassium dichromate to the solution. An intense violet 
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colour 48 produced, changi^ on standing first to red and tfien to 
yellow. This test is sufficiently delicate to servo fbr the detection 
of less than a millimm of strychnine. 

Bruolne, C23H2JNJO4, is very closely related to strychnine, from 
which it is probably theoretically derived by the displacement of 
two hydrogen atoms by methoxy grou|is«(CH 3 . 0 — ). Therapeutic-* 
ally, brucine is much less active than stryclinine, being only about 
one-tenth as toxic, and for this reason the phannacopoeial assay of 
Nux Vomica is an estimation, not of total alkaloids, but of strychnine 
only. • 

Bhicine, like strychnine, is a monacid tertiary base. A solution 
hi a brucine salt gives, wif4i a trace of nitric acid, a deep red colora- 
tion. This test serves to distinguish brucine from strychnine, and 
is used to detect traces of brucine present as impurity in strychnine ; 
it can also be employed as a delicate test for nitrate, as, for oxamfle, 
in water analysis (see p. 2). 

STRYCHNINA 

Strychnine 

Preparation. — Powdered, ripe nux-vomica seeds are boiled well 
with dilute (0*1 per cent) hydrochloric acid, to e3rtract the alkaloids 
as hydrochlorides. The liquid, is filtered and the marc extracted 
with a further quantity of acid. The mixed filtrate# are treated 
with a slight excess of milk of lime, and the precipitate, coqpistinj 
of strychnine and brucine together with tlio cuceSs of calcium 
hydroxide, is filtered off, washed, and extracted with boiling alcohol. 
The alcoholic solution is then evaporated and allowed to crystallise. 
The crystals, comprising brucine and strychnine, are filtered off 
and dried. * 

In order to free the product from briieino, 11 parts of the 
powdered, mixed alkaloids are heated to boiling with 60 parts of 
water, and dilute nitric acid is gradually added until the liquid is 
slightly acid, in order to oxidise the brucine. On cooling, strychnine 
nitrate separates out from the red liquid, and a further quantity 
may be obtained by concentration of the mother liquor. • 

The free alkaloid is obtained from the nitrate by dissolving in 
water, precipitating with ammonium hydroxide, filtering off, and 
recrystallising from boiling dicohol. ^ 

Properties. — Coloufless prisraipor a white crystalline powder. 
Soluble 1-7000 in water, forming an intensely bitter solution ; 
soluble 1-150 in alcohol (90 per cent) and about 1-12 in boiling 
alcohol (90 per cent). 

Tests tor Impurities. Metallic Compounds. igifition, it 
should leave no appreciable ash. 

Brucine {Limit of ). — ^It should dissolve , in ^pneentrated 
sulphuric acid to form a colourless solution, which should not 
acquire more than a taint pink tolour on addition of nitric aoid. 
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Aocorfting to the B.P.C., this test is best carried out by moktening 
the alkaloid a mixture of equal volumes of nitric acid and 
water, when no coloration should be produced. 

St^chninsB Hydroohloridum. SWychnine ^ydroc^/ortde.-— This 
^is prepared by suspending finely powdered strychnine in hot water 
and gradually adding hydrochloric acid until exactly neutral. The 
solution is filtered and evaporated on a water-bath to crystallisation. 

Pfoperttc^.—Small, colourless prisms. The solubility in w(^r 
was given in the 1898 Pharmacopoeia as 1-35, but this has b^n 
altered in the 1914 edition to 1-60. Both the 1911 and the 1923 
editions of the B.P.C. rive the solubility as 1-35*5. Squire 1(1916 
edition) gives the solubmty as 1-43. • • 

Tests for Impurities . — ^Test as described under Strychnina. 
Quantitative Test . — ^The Pharmacopoeia states thab it should lose 
between 7 and 9 wr cent of its weight when dried at 1 10 ® (equivalent 
to about IJ to ^molecules of water of crystallisation). Both the 
1911 and 1923 editions of the B.P.(J. draw attention to the fact 
that the available evidence is in favour* of thb view that the salt 
contains IJ molecules of water of crystallisation. The 1914d*harma- 
copoeia retains, however, the formula C 2 iH 22 N 202 ,HCl, 2 H 20 . 

• Purine Derivatives 

• Purine, € 51141 ^* 4 , is a closed-chaiq compourul of the formula 
* N- CH 

Lh (3 NH. 

I II >CH 
. N C N' 


Purine is itself a substance of little importance, but it is of interest 
as ^ing the parent of a group of important natural products, of 
which the chief are xanthine, caffeine, theobromine, and uri(f acid. 
The relationship of these compounds to purine and to each other 
will ^ seen from their structural formula : 
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Caffflne^ theine. 1, 3, 7-trimethyI xanthine, CjHioNiOi, la an 
alkaloid which occurs in tea, coffee, and guarana,^and is usually 
obtained from tea. 

Caffeine forms silky masses of colourless needles, containing 
1 molecule of water of crystallisation. Soluble 1>80 in water. 
Melting-point, 235®. It is a verv feeble base. Its aqueous solution^’ 
are neutral to litmus, and its salts are readily hydrolysed by water ; 
tho^trate, for example, is soluble 1-4 in hot water,* but on further 
addition of water it undergoes hydrolysis, with separation of caffeine. 

Caffeine *can be detected by the very characteristic murexido 
test. HV little of the sample is treated with a crystal of potassium 
chlorate and a few drops of*concentratcd hydrochloric acid, and the 
mixture evaporated to dryness on a water-bath. The reddish- 
brown residue* is allowed to cool and treated with a drop of 
ammonium hydroxide, when a deep purple coloration is produced. 
This reaction is also given by theobromine and ceHJkin other purine 
derivatives. ^ 

Theobromine, 3, 7-dimethyl xanthine, C 7 H 8 N 4 O 2 , occurs in cocoa 
beans, and is a crystalline, sparingly soluble powder. 

. It resembles caffeine in chemical properties, being a very feeble 
base. At tho same time it has some acidic prope^ies, and forms 
unstable metallic salts, the metal displacing the hydrogen atom of 
the — NH group. , 

Theobrominm et Sodii SalUylas. Theobromine and Sqdiurit 
Salicylate . — This substance, known under the trade* name of ^ 
“diuretin”, is a mixture of sodium salicylate, CeH 4 {OH)COQNa, * 
and the sodium derivative of theobromine, in mole- 

cular proportions. 

Preparation . — A solution of sodium hydroxide (I part) in water 
(1 part) is diluted with 8 parts of alcohol (95 per cent). A portion^ 
of this solution is standardised by titration, and a volume of the 
Bolutiop, calculated as containing 20 parts of pure sodium hydroxide, 
is added to 100 parts of water. Theobromine (90 parts) is then 
added, and the mixture is warmed until solution is complete. This 
liquid is then mixed with a solution of 80 mrts of sodium salicylate 
in 75 parts of water, and thte whole filtered and (juickly evaporated 
to drjmess. 

Uric acid, C 5 H 4 N 4 O., cannot be termed an alkaloid, but on 
account of its close relationship to caffeine and theobromine it 
may be oonveniently dealt 4ith here. It is a most iinportant 
product of animal metabolism, and is a noriAal constituent of urine. 

Uric acid is a white crystalline powder, almost insoluble in 
water. It behaves like a weak dibasic acid, the hydrogen atoms of 
two of the — NH groups being displaceable by metals. The di- 
sodium salt is form^ when uriciacid is dissolved in aqueous sodium 
hy^xide, in which it is freely soluble. If sodium cYbonate is 
employed only one hydrogen atom is displaced, the mono-sodium 
salt being produced. 
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* Official Alkaloids akd Alkaloidal Salts • 

Alkaloid. 

Principal Sources. 

Official. 

Aconitine 

AconitucA Napellus 

Aconitina, CaiHuNOji 

Apomorphino . 

Prepared from mor- 

Apomorphino) Hydrochloridum, 


phine 

(Ci,H„NO„HCl),.H,0 

Atropine . 

Atropa Belladonna 

Atropina, Cx^HgaNOs 


and other Solan- 

Atropinas Sulphas, 


aceouB plants 

(C.,H,.NO.)„H,SCf, 

Benzamine 

Synthetic 

BenzaminsB Lactas, * 

(;aH,iN0,.C,H,0, 

Caffeine . 

I.«eaves of Camellia 

Caffeina, CgHioNiO^H^O 

Caffeinae Citras, C«H,flNi 0 „C.H «07 


Thea and certain 

t7ocaine . 

other plants 

• 

Erythroxylum Coca 

Cocaina, Cj^HjiNOg 


• and its varieties 

Cocaineo Hydrochloridum, 
C„H,iN 04 ,HC 1 

Codeine . 

Opium, or prepared 

tCodeina, CigHgiNOs.HgO 

CodeinsQ Phosphas, 
C,aH,|N 03 ,H.P 04 , 2 H |,0 


from morphine 

Diamorphiiio . 

Prepared from mor- 

Diamorphinae Hydrochloridiun, 


phine 

CaiHjgNOj.HCl.HjO 

Homatropirve Hydfobromidum, 

Homatropine . « 

Prepared from tro- 


* pine 

C„HaiNOs,HBr 

Hyoscine 

^Various Solaiiaceous 

Hyoscinm Hydrobromidiun, 

m 

Hyol^cyanmo . 

plants ^ 

Various Solanacoous 

C„HaiN04,HBr,3Ha0 
Hyoscyaminae Sulphas, 

• 

plants 

(C„H„N0,),.H,S0„2H,0 

Monphino . 

Opium 

Morphinse Acetas, 

• • 


C\,H„N0„C,H40a,3H30 

Morph ino) Hydrochloridum, 
C„H„N03,HC!,3H,0 

Morphinse Tartras, 

• • • A 


(C„H„N0,)„C4H,0..3Ha0 

Pelletienno ♦ • 

Punica Qranatum 

Pelletierinae Tannas 

PhysoBtigmino 

Physostigma vone- 

Physostigminae Sulphas, 


nosum 

(C„H,iN, 0 ,)„H,S 04 • 

Pilocarpine , 

Pilocarpus Micro- 

Pilocarpinae Nitras, 


phyllus and other 
species of Pilo- 

CuHi,N,0„HNOa 

• Quinine . 

carpus 

• 

Various species of 

Quininae Hydrochloridum, 


Cinchona 

C,oH,4N,0„HC1,2H,0 

Quininae Hydrochloriduih Acidum, 
C,oH,4N,0„2HC1 

Quininae Sulphas, • 

* 

Strychnos l?ux- 

(C,gH|4N,6,),.HaS04.7iHa0 
Strychnma, Ct,Ha,N,0, 

Strychninae Hydrochloridum, 

Strychnine 


vomica and other 


species of Strych- 

C,iH„N,0„HC1,2H,0 

Theobromine .• 

• 

Theobroma Cacao ^ 

Theobrominae et Sodii Salicylas 


‘ ‘ mixture of Alkaloids. 




CHAPTER XXXIX 

THE ASSAY dP ALKALOIDAL DRUGS AND THEIR PREPARATIONS^ 

The amount of active constituent in crude vcgotaSlo drugs is liable 
to considerable variation in deferent 8am])le8, the variation being 
attributable to factor^ such* as the age of the jdant, the time of the 
year whel! collected, the soil, the climate, the mctliotl employed in 
drying, and the mode of cultivation. While in some cases it is 
possible to estimate ^the quality of a drug by its a})pe«irance, in many 
other and important instances little information Van bo obtained 
by inspection only, so that when a metliod can be«do vised whereby 
the quantity of active ‘constitucirt in a drug or its prep^ation may 
be determined with accuracy, it is of great advantage to medicine.. 
The methods employed in the determination of the amopnt of active 
constituent in dnigs may be divided into three class^ : 

(1) Chemiced Metfuxh . — These ar(‘ employed chiefly in the 
estimation of alkaloids, glucosides, and other deflnitc chemical 
substances upon which the action of the drug dejxinds, and which, 
can be isolated from it without much cUfflculty. 

(2) ^ Biochemical Methods. — Thc.se comprise the testing of the 
actual eflect which the dnig or its preparation has upon living 
animals, and the methods are only employed when no satisfactory 
assay process has been found. An instance is the injection of 
preparations of ergot into ^owls, the degree of gangrene produced 
in the comb affording an indication as to the activity of the prepara* 
tion. In other cases— 6.(7. digitalis and strophanthus — a tincture is 
made from the drug, the alcohol evaporated, and the resulting 
aqueous liquid injected into the dorsal lymph sac of a frog nf known 
weight. The results iflay be expressed in*tenns of the minimum 
quantity required to kill a frog of certain weight in a definite time ; 
wat is, in M.L.D. (minimum lethal dose) units. 

(3) Extractive Methods . — An indication as to tlye quality of a 
drug may be obtained in some ^ases by exhausting the drugawith a 
suitable menstruum, and either evaporating to dryness ai\^ weighing, 
or taking the specific gravity of the liquid obtained. • 

Of these methods Ij^e tot are^ by far th^ most accurate and 
important for alkaloids, and they only will be/reated of hei^. * 

405 
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General Method 

The proportion of alkaloids ^present in a drug or preparation is 
usually determined by making use of the following general properties 
possesl^ by most of the member^ of this class of compounds : 

(1) Alkaloids are usually sparingly soluble in water, but readily 
soluble in certain organic solvents. 

(2) Alkaloids combine directly with acids to form salts, which 
are usually soluble in water but insoluble in organic solvents. 

(3) Alkaloids are precipitated from solutions of their salts by 

alkalies. » 

The method adopted involves the use of so-called immiscible 
solvents, such as water with ether or water with chloroform, and 
is, in general, as follows, the operation being conducted in a 
separating funnel : 

A definite w^ght or volume of the drug or preparation is taken 
and mixed with a suitable alkali, whereupon the alkaloids, which 
usually occur in the drug in combihation with organic acids, are 
liberated. • 

An organic solvent such as other is added, and the free alkaloid 
passes into solution in this. « 

The ethereaf layer is separated and shaken With acidified water ; 
whereupon the salt of the alkaloid is formed, and this dissolves in 
the water, any r&inous or fatty sujwtances remaining in the ether. 

Tfie aqueous layer is separated, mixed with ether, made alkaline, 
•and shaken. The alkaloid passes into solution in the ether, which 
may Ibe thei! separated and evaporated, the residual alkaloid being 
dried and weighed. ^ 

The method is marred by the following difficulties, and unless 
precautions bo taken serious loss may occur : 

• (1) The organic solvents employed are often very appreciably 

soluble in water, so that some of the dissolved alkaloid may remain 
in the aqueoifs layer. This is overcome by extracting with n*ot less 
than three separate quantities of organic solvent in turn, and mixing 
them after separation. 

(2) Complications may occur through the presence of resins, 
fats, and other organic substances which dissolve in the organic 
solvent if the liquid be acid, but in the water if the liquid b^ alkaline 
(owing to the formation of resinates or soaps). 

(3) Y^hen the liquids are agitatec^ in the separating funnel and 
allowed to stand, emukification may occur l^tween the organic 
solvent and the water, rendering the complete separation of the 
liquids difficult. This emulsification may often be avoided by 
rotating and occasionally inverting the separating funnel instead 
of sha^ng vigbrously. If emulsifi(^tion has occurred it is some- 
times possible to bring about separation by the addition of more 
organic soltent, pr by gently stirring the liquids with -a wire.^ 

^ The email quantities of organic eplvent prescribed in many of the pharma* 
odpcsial Kssay processes l^d to oring about an undue amount of emulsification, 
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(4) When the lower layer is run off » some of iht liquid is* often 
retained in the stem of the separator owing to caf^ary attraction. 
This liquor should be washed out by adding more to the contents 
of the s^rator and running off without shaking. 

(5) When an alkali is mixed with an acid liquid heat is ofte^ 
generated and the stopper of the separatof may be blown out, witn 
loss of some of the contents. For this reason it is advisable to allow 
the mixture to stand for a short time, or at the most to mix by 

gentle rotation of the separator, before commencing to shako. 

* 

TUt organic solvent used in an assay process must be one which 
itf not more than slightly tfoluble in water, which will dissolve the 
alkaloid readily, and which is easily separated. The commonest 
organic solvents are chloroform, ether (or a mixture of these), 
benzene, amyl alcohol, petroleum spirit, and kerosene. The li&t 
two of these are not used in any of the pharmacS})oeial processes, 
but are often employed in the^ extraction of alkaloids on the large 
scale. • • 

The alkali must be one that will lil)crate the alkaloid from its 
salt without decomposing it, and not readily form soaps with any 
fat or resin ^present. The best are sodium bicarjbonate, sodium 
carbonate, and ammonium hydroxide, the last* being especially 
useful on account of its volatility. Sodium hydroxide and potassium 
hydroxide are not so generally xsc'ful owing to their propensity tb 
form soaps. 

Preliminary Exerimse 

Carefully w«gh about 0*3 gramme of a quinine salt and dissolve 
in water acidified with dilute sulphuric acid (p. 394). 

Transfer to a stoppered separating fuimid and add a slight excess, 
of ammonium hydroxide solution. The alkaloid is precipitated. 
(If a l|irge excess of ammonia is present, some of the quinine will 
remain in solution.) 

Add to the contents of the separator 15 mils of chloroform ; 
shake with a rotary motion for a minute, allow th(j liquid to separate, 
and run off the lower, chl(froformic layer into a second separator. 
To ensure complete extraction add two further quantities, each ol 
10 mils of chloroform, and after shaking and allowing to separate, 
mix with the first quantity of chloroform. Remove any chloroform 
acUiering to the inside of the Cube of the funnel by adding «another 
5 mils of chloroform ^d running* off, wifhout shaking, into the 
second separator. 

Wash the chloroform in the second sej^rator free from ammonia 
by adding a few mils of water. Run off the chloro/orm and then 
the water, then return the chloroform to the separator and»repeat 
the washing with more water. 


and although the same quantities are givpn in this boojf, they may be doubled 
at the discretion of the teacher. * * 
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Evaporate chloroform in a tared dish on a water-bath in a 
fume cupboard Dry the residue in a water-oven and weigh. 
Calculate the percentage found compared with the weight first taken. 

Typical Assays 

Cinchonffi Rubrse Cortex. — Red Cinchona Bark is the dried bark 
of the stem and branches of cultivated plants of Cinchona succirubra. 
When used for official purposes other than the preparation of 
alkaloids or their salts, it is required to yield from 6 tcf 6 per cent 
of total alkaloids, of which not less than one -half should insist 
of quinine and cinchonidine when determined by the following 
process : 

Mix 10 grammes of the bark, dried at 100° and in No. 60 powder, 
with 6 grammes ^f calcium hydroxide ; add 22 mils of water, mix 
intimately in a small porcelain dish, and set aside for an hour or two. 
The alkaloids, which occur in the bark in combination with quinic 
and cinchotannic acids, are released froffi theit salts. 

Transfer the mixture, which will now be dry and crxmbly, to 
a large flask fitted with an upright Liebig’s condenser (to act as a 
reflux). Add 130 mils of benzolated amylic alcohol,^ boil for half 
an hour, and theft decant the liquid on to a filter, leaving the sedi- 
ment in the flask. Add more of the benzolated amylic alcohol to 
the sedimept, boil, and decant as d)efore ; repeat this operation a 
Jbhird time, then transfer the contents of the flask to the filter and 
washtthc setUment with more of the benzolattd amylic alcohol until 
the liquid wnidh percolates through ceases to give any precipitate 
with acidified Mayer’s reagent (p. 388), showing thftt the whole of 
the alkaloids originally in the bark have been extracted by the 
.organic solvent. 

Introduce a portion of the collected filtrate, while still warm, 
into a stoppered glass separator, and add a mixture of 2 mils of 
diluted hydrochloric acid and 12 mils of water ; shake well and 
allow to sejparate, running off the lower acid layer. Add a further 
quantity of water slightly acidified with hydrochloric acid, shake, 
and run off the lower acid layer. Reperft this until all the alkaloids 
Kave been extracted as hydrochlorides, as shown by testing with 
Mayor’s reagent. Treat the remainder of the collected filtrate in the 
same way, taking convenient portions at a time. 

Mix < all the acid liquids obtained and carefully and exactly 
neutralise, while still w%nn, with Solution 'iaf Ammonia, and then 
concentrate by evaporation to a volume of 16 mils. Add to the 
concentrated solution about 1*5 grammes of sodium potassium 
tartrate dissolved in 3 mils of water, stir with a glass rod, and then 

«. c 

' Benzolated amylic alcohol : 

9 

Benzene, 3 parts by volume, 

Amyl alcohol, 1 part by volume. 

Mix : decant from any deposited water. 
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set aside for An hour. Ck)llect the precipitate on a double* filter, 
formed of two counterbalanced filter papers, washj^dry in a water- 
oven, and weigh. 

The weight in grammes , multiplied by 8 gives the percentage 
of quinine and cinchonidine in the l^rk. Of the weight of alkaloid^ 
tartrate which has been obtained the alkaloid represents 8 paifs 
and the tartrate radicle 2 parts, and as 10 grammes of the bark was 
originally taken, it is necessary to multiply by 8 to obtain the 
percenta^ of quinine and cinchonidine. 

Mix theP mother liquor and washings from the preceding process, 
which*contain the soluble tartrates of quinidine and cinchonine, and 
introduce into a stoppered separator. Make alkaline by adding 
slight excess of ammonium hydroxide and shake with three succes- 
sive portions of 10 mils of chloroform. Mix the chloroform solutions, 
whicn contain the liberated quinidine and cinchonine, evaporate^o 
dryness on a water-bath, dry in an air-oven at ^10®, and weigh. 
The weight in grammes multipj^ed by 10 and added to the percentage 
of quinine and cinchfenidifie previously determined, gives the per- 
centage of total alkaloids. 

Extractum Cinchonss Liquidum. — Liquid Extract of Cinchona is 
required to contaift 5 grammes of the alkaloids* of red cinchona 
bark in 100 mils. ^ 

Introduce into a stoppered glass separator 5 mils of thejiquill 
extract, 15 mils of benzolated amylic alcohol (footnote, t). 408), and 
10 mils of N/1 alcoholic solution of potassium hydroxide. Shake* 
well and set aside in a warm place for a few nfinJtes, shaking 
occasionally, then allow the liquids to separate. The alkaloids, 
which are present in the extract as hydrochlorides (owing to the 
use of hydrochloric acid in their extraction from the bark), are 
liberated by the potassium hydroxide, and pass into solution in the 
benzolated amvlic alcohol. 

Pour off the clear upper layer into a second separator, and 
complete the removal of the alkaloids by shaking with two further 
portions gf 15 and 10 mils of benzolaUd amylic alcohol. 

Shake the mixed quantities of benzolated amylic alcohol with 
two portions, each of 5 mils, of water to remove traces of alkali, 
and reject the wash water. 

Mix together 12 mils of diluted hydrochloric acid and 60 mils of 
water, ana shake the benzofated amylic alcohol with successive 
portions of 30, 30, and«12 mils of this, drawing off the acid liquids, 
which contain the alkaloids in solution as hydrochlorides, into a 
separator. 

Add to the acid liquid 15 mils of chloroform and distinct excess 
of ammonium hydroxide ; shnke vigorously, allow to separate, 
and (kaw off the chloroformic layer into a tared dish. Complete 
the extraction of the liberated alkaloids by shalyng i^d.h further 
quantities of 10 mils of chloroform until the aqueous liquid in the 
separator no longer yfelds a pr^ipitate wlten a few dreps a#e 
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acidifild with dilute sulphuric acid and tested with Mayer’s leagent 
(p. 388). • 

Collect the chloroformic solutions of the alkaloids in a tared 


dish and allow to evaporate slowly ; dry the residue in an air-oven 
^ 110° and weigh. Since 6 mils of the extract were originaUy 
ta?ken, the weight in grammes of the alkaloids, multiplied by 20, 
gives the weight in volume percentage of total alkaloids. (Limit of 
error 0*2 gramme in excess or defect in 100 mils of liquid extract.^) 


Tinctura Cinchonce , — ^Tincture of Cinchona is required to contain 
1 gramme of the alkaloids of red cinchona bark in 100 mils.* The 
assay process is as just described for the liquid extract, using 10 
mils of the tincture. (Limit of error 0*05 gramme in excess or defect 
in 100 mils of tincture.) * 

Tinctura CindhonoR Composita . — Compound Tincture of Cinchona 
is required to contain 0*5 gramme of the alkaloids of red cinchona 
bark in 100 mils. The assay process^ is us described for the liquid 
extract, 20 mils being a suitable quantity to work upon. <Limit of 
error 0*05 gramme in excess or defect in 100 mils of tincture.) 

Extractum tfelladonnsB Liquidum.— Liquid 'Extract of Bella- 
donna is required^ to contain 0-75 gramme of the alkaloids of bella- 
denna/oot (chiefly hyoscyamine an^ atropine^ in 100 mils. 

The first? step is to remove most of the fat and colouring matter 
from ,the extract by shaking with chloroform, the liquid being 
previously mhde acid so that the chloroform shall not extract any 
of the alkaloid as well. Introduce into a stoppered separator 
10 mils of the liquid extract, 50 mils of water (to dilute the alcoholic 
liquid, which would otherwise mix with the chloroform), 2 mils of 
diluted sulphuric acid (to convert the alkaloids into water-soluble 
salts), and 10 mils of chloroform. Shake vigorously, allow to 
separate, and run off the lower, chloroformic layer into a sfecond 
separator. Wash the chloroform with two successive portions of 
10 mils of water acidified with dilute sulphuric acid, and add the 
washings to the contents of the first separator, rejecting the chloro- 
form. The chloroform is washed in order to recover any traces of 
alkaloids which it may have extracted, owing to the fact that the 
liquids are not comnletely immiscible. 

Make^the acid liquid in the first ^separator distinctly* alkaline 
with ammonium hydroxide andtextract thcfliberated alkaloids by 
shaking with three successive portions, each of 10 mils of chloroform. 

Mix the chloroformic solutions, wash by shaking in a separator 
with 10 mils of water, allow to separate, run off the lower layer into 
a titratjpn flaslf, and set aside for th^ chloroform to evaporate. 

Heat the residue on a water-bath for half an hour to remove the 

• 

* LimU df -Brrof.<— The average oC a number of assays of the same sample 
of a drug or preparatioif should not deviate from the prescribed standard to a 
graater or less extent thdn that indicafed by the umit of error ”. 
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last traces of ammonia and any volatile basic sub^nces, and then 
dissolve in 10 mils of N/20 sulphuric acid by aid of very gentle 
heat. Determine the amount of sulphuric acid which has combined 
with the alkaloids by titrati^ the excess with N/20 sodium 
hydroxide, using tincture of cochineal as indicator. ^ 

The chief alkaloids in belladonna* root are atropine and 
hyoscyamine, which, being isomers (p. 302), have the same molecular 
weight — 289*2. Both are monacid bastes, so that the equation may 
be written : 

H2SO4 + 2C17HJ3NO3 = 

98 = 2 X 289^ ‘ 

1000 mils N/1 H 2 SO 4 S 289*2 grammes of alkaloids, 

1 mil N/20 112804 = 0*01440 gramme of alkaloids. 

(limit of error 0*05 gramme in excess or dcfAt in 100 mils of 
liquid extract.) 

Extractum Ipecacuanha Liquidum. — Liquid Extract of Ipecacu- 
anha is required to contain 2 grammes of the alkaloids of ipecacuanha 
root in 100 mils. . • . . 

Introduce into* a stoppered separator 5 mils* of liquid extract, 
4 mils of water, I mil of dilute sulphuric acid, aniJ 10 mils of ether. 
Shake, and run off tlie ethereaUsolution. rUq)eat the shaking with 
6 mils of ether and again separate. This process is to femove most 
of the fat, resin, and coloiiring matter. The watejr dilutes the 
alcohol (90 i)er cent) with which the extract is pit imwd— withoiit 
this the extract would mix with the ether. The alkaloids are con- 
verted into sulphates and remain in the aqueous-alcoholic layer. 

Mix the ethereal solutions and wash by shaking in a secon^J 
separator with two successive portions, each of 5 mils, of water. 
Add the washings to the contents of the first separator and reject 
the ether. This washing is necessary in order to recover any 
alkaloid which may be taken into solution by the ether, owing to 
the fact that ether and water are miscible to some extent. 

To the contents of the •first separator add 10 mils of chloroform 
and slight excess of ammonium hydroxide. The liberated alkaloids 
dissolve in the chloroform. Shake, allow to separate, and filter 
the chloroform through a small filtc-r paj)er into a tared dish . Bepeat 
the shaking with two further chloroform, separate, and 

pass the chloroform tlvough the filter int<f the dish ; finally, wash 
the filter with more chloroform and collect the washings in the dish. 

Evaporate the mixed chloroformic solutions of the alkaloids 
until the bulk is reduced to about 2 mils, add 5 mils of ether to 
facilitate the removal of the last traces of chloroform, evaporate, 
dry in a water-oven at a temperature not exceeding and wreigh. 
(limit of error 0*1 gramme in excess or dofegt in uK) mils of 
liquid extract.) . , , 

A more accurate result will obtamedjlf the quantities are 
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doubled tirougljput the process, 10 mils of liquid extract* being * 
operated upon instead of 5 mils. 


Extraotum Nuels Vomica Llquidum.— Liquid Extract of JVux 
]^mica is required to contain 1 *5 grammes of stiychnine in 100 mils. 

Remove tne alcohol frotn 10 mils of the liquid extract by evapor- 
ating to a syrupy consistence in a porcelain dish on a water-bath. 
Dissolve the residue in 10 mils of warm water and transfer to a 
separator, washing the dish with a further 10 mils of water. 

Add to the contents of the separator 10 mils of chloroform and 
a solution of 6 grammes of sodium carbonate in 25 mils of water. 
Shake vigorously, and set aside until theo liquids have separated-~« 
this may take some time — and then run off the chloroform. Repeat 
the operation with two further quantities of chloroform, and mix 
the^three chloroformic solutions of strychnine and brucine. 

Extract the cSkaloids from the chloroform by shaking with 
three successive portions, each of 10 mils, of N/1 sulphuric acid. 
Mix the acid solutions of strychnine and brucine sulphates in 
another separator. Make alkaline with ammonium hydrosade, and 
transfer the precipitated strychnine and brucine to chloroform by 
shaking with successive quantities of 10, 5, and 5 mils o^ this liquid. 

Collect the chlOroformic solutions in a small dhsk and evaporate 
off the chloroform, 

* The li(juid extract is being assayed for strj chnine only, and the 
i)ext step IS designed to oxidise the brucine into a ketonic compound 
which «is insoluble in chloroform. To this end dissolve the residue 


of alkaloids in 15 mils of 3 per cent sulphuric acid, and warm the 
solution to 50° ; then add 3 mils of a mixture of eq^ial volumes of 
nitric acid and water, and set aside for ten minutes. The decomposi- 
tion of the brucine is shown by the formation of a characteristic 
deep crimson colour. 

Transfer the crimson solution to a separator, rinsing the flask 
with a little water, make alkaline with sodium hydroxide solution, 
and extract the precipitated strychnine by shaking with three 
portions of 10, 5, and 5 mils of chloroform. 

Wash the mixed chloroformic solutions free from alkali by 
shaking in another separator with 5 mils of water. Run off the 
chloroform into a tared dish and allow to evaporate on a water- 
bath, adding towards the end of the evaporation 5 mils of alcohol 
(90 wr cent) in order to prevent loss Uy decrepitation. 

Dry the residue in g water'^oven and weigh. The weight in 
nammes, multiplied by 10, gives the percentage wjv of strychnine, 
(limit of error 0*06 gramme in excess or defect in 100 mils of extract.) 


Extractum tfucis Vomkcd Siccum — Dry Extract of Nux Vomica 
is required to contain 5 grammes of strychnine in 100 grammes. The 
dry extract* may^be assayed by mixing 3 grammes with an equal 
quantity of sand, packing in a percolating tube, and exhausting by 
percolation with idcohol (70 per cent). The resulting liquid may 
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[Jieii Ho assayed as described for Extraotum Nucis Vs>mio» Liquidum. 
[Liinit of error 0*2 gramme in excess or defect in 100 grammes of 
oxtract.) 

Tinctura Niicia Vomica . — ^Tincture of Nux Vomica is requy;^ 
to contain 0*125 gramme of strychnine* in 100 mils. It may be 
assa}^ by the process described for Extractum Nucis Vomicso 
Liquidum, evaporating about 100 mils to a syrupy consistence, 
(limit of error 0*005 gramme in excess or defect in 100 mils of 
tincture.)* 

Opium. — Opium is the juice obtained by incision from the unripe 
capsules of Papaver aomniferum, inspissated by spontaneous 
evaporation.* 

When used for official purposes other than J^he preparation of 
the alkaloids or their salts, opium must be of such a strength that, 
when dried and powdereej, tine resulting powder, dried at 60°, yields 
not less than 9*5 per cent and not more than 10*6 per cent of 
anhydrous morphine. Opium yielding when dried more than 10 
per cent of anhydrous morphine, must be diluted to that percentage 
either with*powd«red milk-sugar or with an opium containing when 
dried between 7*5 and 10 per cent of anhydrous morphine.^ 

Triturate together 8 grammes of opium in Nf). 50 powder,* dyed 
at 60°, and 2 grammes of freiAly prepared calcium hydroxide with 
20 mils of water in a mortar until a uniform mixture results. Add 
60 mils of water and set aside for half an hou|^ with occasional 
stirring. The alkaloids of the opium, which occur in combination 
as meconatef and sulphates, are liberated ; insoluble calcium 
meconate and sulphate are precipitated, but the morphine and 
narcotine, which are soluble in calcium hydroxide ablution, remain 
in solution. 

Filter off 51 mils of the liquid (repn^senting 5 grammes of opium, 
since 8 grammes were mixed with 80 mils of water, 1 mil extra 
being taken to allow for increase of bulk due to extractive matter 
from the opium), collecting the filtrate in a narrow cylinder, such as 
a stoppered 100-mil measuring cylinder. Add to the liquid 5 mils 
of alcohol (90 per cent) and 25 mils of ether ; shake, and add 2 
gramides of ammonium chloride. Shake well and frequently during 
half an hour, then set aside for twelve hours. The ammonium 
chloride interacts with the lime^with lij;)eration of amffionia, and 
this precipitates the Morphine (insoluble m ether), its crystallisation 
being assisted by the alcohol. The narcotine is kept in solution 
by the ether. 

Counterbalance two small filter papers; place one within the 
other in a small funnel so thal^ thejbriple fold of one is superimposed 
upon the single fold of the other. Wet them with ether, remove 

^ Any suitable variety of opium may be empkiyed for the preparation 
of the tincture and extrdit provided that, when d^, it contains nqt m^hao 
7*6 per cent of anhydrous morphine. 
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the etitereal lazier of the liquid t(i the cylinder as comple 1 ;ely as 
possible by means of a small pipette, and pass the ether through 
the hlter. Add A further quantity of 10 mils of ether to the contents 
of the cylinder it such a way as ta rinse its sides, and transfer this 
qljher to the filter by means of the pipette. Then wash the filter 
'^h 5 mils of ether, added slowly, and in small portions. In this 
way all the narcotine is removed. 

After allowing the filter to dry pour upon it the contents of the 
cylinder and collect the granular precipitate of morphine. When 
all the liquid has passed through, \^ash the remainder of the morphine 
from the cylinder with morphinated water using a rubber-tipped 
glass rod, until the whole has been removed, and wash the filtef 
with morphinated water until the washings are free from colour. 
Mcjpphinated water is employed in order that no moi^phine shall be 
dissolved. 

Allow the filter to drain and dry it, first in a water-oven at 60° 
and finally for two hours in an air-ovc r. at 115°. Weigh the crystals 
in the inner filter, counterbalancing by the duter filter. Make a 
note of the weight. Then determine what proportion of tWs weight 
consists of pure anhydrous morphine by dissolving 0*2 graipme of 
the crystals in 10 mils of N/10 sulphuric acid and back titrating the 
excess of acid with N/10 sodium hydroxide, using methyl orange 
a^ indicator ^ : t 

Hj'SO, h‘2C„Hi,NO, = (C„H„n(>,),H,S0J 
' 98 = 2 x 286, 

lOflO mils^N/il H 2 SO 4 S 286 grammes anhydrous morphine, 

1 mil N/10 H 2 SO 4 S 0*0285 gramme anhydrous morphine. 

The weight of pure anhydrous morphine obtained (calculated 
from the titration) plus 0*051 gramme (the average loss of morphine 
during the process, owing to its slight solubility in ether) is the 
weight contained in 5 grammes of the opium. (limit of errer 0*5 
gramme in 100 grammes of opium.) 

Extractum Opii Siccum . — Dry Extract of Opium is required to 
contain 20 grammes of anhydrous morphine in 100 grammes. It 
is tested by the process described under Opium. (Limit of error 
1 gramme in excess or defect in 100 grammes of the extract.') 

t 

TinctUra Opll. — Tinpture of Opium is required to* contain- 
I gramme of anhydrous morphin? in 100 mil#. 

The process is similar to that described for Opium (g.v.), with 
certain modifications. 

• 

^ Mof^hinattd WaUf . — ’saturated sdlution of morphine in chloroform 
water, obtained by maintaining excess of morphine in contact with the 
chloroform M^ter foj^, seven days, at a temperature of shaking occasion- 

ally, and then filtering. • Solubility of morphine = 1-1,000 (about). 

* For ^this titration, isochineal is t more suitaCile indicator than methyl 
orange. « 
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Evaporate 40 mils to 10 rnilstn a dish, on a wat^-bath and then 
transfer to ^ small measuring cylinder. Add 1 gramme of freshly 
slaked lime. Rinse the dish with sufficient water, so that when the 
rinsings are added to the contents of the cylinder the mixture has 
a volume of 41 mils. Set aside for half an hour, with oecasioq^ 
stirring. * 

Filter ofE 25 mils of the liquid (corresponding to 25 mils of the 
tincture) through a plaited filter of about 10 cms. diameter into a 
stoppered cylinder, add 2*5 mils of alcohol (90 }ier cent) and 15 mils 
of ether. Shake, then add 1 gramme of ammonium chloride, and 
set asfde for half an hour with frequent shaking. 

• From this point the pfocess is exactly as described for Opium, 
except that 8 mils of ether are used to rinse the cylinder instead of 
10 mils. The •weight to be added to allow for the average loss^of 
morphine is 0*025 gramme. (Limit of error 0*05^amme in excess 
or defect in 100 mils of tincture.) 


Extraclum Opii Dfquulfim . — Liquid Extract of Opium is required 
to contain 0*75 gramme of anhydrous morphine in 100 mils. It is 
tested by the process described under Tinctiira Opii. (Limit of 
error 0*05 gmmme^n excess or defect in 100 mils of liquid extract.) 


ALKALOIDAfi ASSAYS 

The following are assayed by methods similar to those previously, 
described : 

Belladomue Folia.* 

Tinctura Belladonn®. 

Extractum Belladonna) Si(!cura. 

Extractum Hyo.scyami. 

Ipecacuanha) Radix. 

Aconiti Radix. 

Tinctura Aconiti. 
linimentum Aconiti. 

Extractum Hydrastis Liquidum. 

Caffcina?\)itras. 




APPENDIX 
analytical tables 




TABLES FOR THE IDENTlFICAflON OF INORGANIC 
SUBSTANCES 

colour and general np{X‘arance of the substance should be 
noted, and also its rcactioli towards moistened litmus pa])t*r. 

Ctjpper salts are generally blue or grwn. 

Iron ,, „ green or brown. 

Chromium ,, green. • 

Manganese ,, .. pale pink. 

Nickel • „ • green. 

Cobalt .. pink. 

Chromates ♦ yellow. 

Bichromates orange. , 

Permanganate's ,. dark purph'. 

The oxides and/cy* sulphidts of the following nutals^aie 
coloured : * * ♦ • * • 

Lead, mercury, silver, copper, bismuth, cadmium, arscHicf 
antimony, tin, iron, chromium, manganese, nickel, [yidtcobaltr 

PRKUMINAKY TeSTS 

Heat to redness in a dry ignition tube. 

A few substances (mostly oxides) undergo temporary changes 
in coldur. 

Many hydrated salts undergo changes in colour due to loss of 
water of crystallisation. 

Ammonium salts, and most compounds of mercury and arsenic, 
sublime. • 

Charring, or evolution of inflammable vapours, indicates an 
organic substance {see Organic Tables). 

* The fq^owing gases or vapours may be evolved ; ^ 

Water Vapour. — S^ts containing wates of crystallisation, and 
certain hydroxides and oasic salts. 

Oxygen (rekindles a glowing splint).— Certain oxides, also 
nitrates, chlorates, bromates, iodates, and certain other oxy-salts. 

NUrems Oxide (rekindles a Rowing splint).— Ammonium pirate. 

Nitrogen Peroxide (brown rames). — All nitrates and nitrites, 
except those of the alkali metab and ammonium. ^ 

Carbon Dioxide (turns lime water milky)*— Many carbonates 
and bicarbonates. - 
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SfMfhwr Dioxide (turns potassium diobromate paper gseen). 
Some sulphates and sujbhites. 

Svlphur Vapour , — ^Thiosulphates and polysulphides. 

Ammonia (^kaline to litmus).— Certain ammonium salts. 


^ Flame Test.— To be applied to the substance moistened with 
concentrated hydrochloric acid. 


Grey’ or bluish-grey 
Bluish-green 
Apple green 
Brick-red . 

Crimson 
Lilac (crimson through indigo 
jprism) .... 
Bnght yellow (invisiblo 
through indigo prism) 


Lead, arsenic, antimony, tin. 
Copper. 

Baridm. 

Calcium. 

StAntium or lithium. 
Potassium. ‘ 

Sodium. 


Borax Bead Test. — Introduce a trace of \he substance into a 
fused borax bead on a platinum wire, and reheat in the outbr portion 
of a bunsen flame (this test need only be applied if the original 
substance is coloured). 


Bluisl^-green bead . 
Bright green bead . 
YeUow bead . 

Deep amethyst bead 
Deep blue bead 
Brown bead . 


.’ Copper. 

. Chromium. 

. Iron. 

. Manganese. 
. Cobalt. 

. Nickel, t 


Action ol Sodium Carbonate solution. 

Ammonia evolved, in the cold or on gently warming. — Am- 
monium salt. 

Action of Dilute Sulphuric Acid. — The following gases or vapours 
may be evolved : 

Carbon Dioxide, — Carbonate or bicarbonate. 

Hydrogen Sulphide (blackens lead acetate papr). — Sulphide. 

Hydrogen Sulphide, with Precipitation of Poly- 
sulphide. , 

Sulpiur Dioxide, — Sulphite. • • 

Su^hur Dioxide, with Precipitation of Thiosulphate. 

Nitrogen Peroxide, — ^Nitrite. 

Chlorine, — ^Hypochlorite. • 

Odour of Hydro(^anic acid.— Cyanide (see Organic Tables). 

Odogr of Acetic Acid, on waigning, — Acetate . (see Organic 
Tables). ^ 

Action of Concentrated Sulphuric Acid. 

• Ghasring on wanning, or evolution ot carbon monoxide or 
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carbon* dioxide (other than carbon dioxide fro^ a carlSbnate) 
indicates an organic substance {see Organic Tables). 

The following gases or vapours may bo evolved, in addition to 
those mentioned in the previous test : 

Hydrogen Flmride (colourless fuming gas which attacks* glass). — 
Fluoride. * • 

Hydrogen Chloride (colourless fuming gas). — Chloride. Con- 
firm by finding manganese dioxide and warming, when clvlorino 
will be evolved. 

Hydrogen Bromide (colourless fuming ga.s) and Bromine Vapour, 
— Brdlnide. 

Iodine Vapour. — Iodide. 

Nitric Acid Fumes. — Nitrate*. t>)nfirm by adding metallic 
copper, when fiitrogen peroxide will be evolved. Also, apply the 
brown ring test (p. 35). 

Chlorine Peroxide (explosive yellow gas).— Chibrate. 

j.< \ Aiut£«A I luN FOR MeTAIjH 

Prepare a solution of tlie substance*, trying the following 
solvents in thru : « 

Water. 

DUute hydrocWoric acid.^ 

Concentrated hydrochloric acid. 

Dilute nitric acid. 

Concentrated nitric acid. 

A mixture of concentrated hydrochloric acid (4 parts) and 
concentrated nitric acid (1 jiart).* 

If any nitric acid has been used in ejecting solution, it must b^ 
removed, before proceeding further, by evaporating nearly to dry- 
ness, adding concentrated hydrochloric acid, ovaixirating nearly to 
dryness again, and finally diluting with water. 

* If the substance is insoluble in all of tlioso solvents, it is probably one 
of the following ; • 

Load, barium, or strontium sulphates. 

Silver chloride, bromide, or iodide. 

Stannic oxide or sulphide. 

, Ignited aluminiurfl, chromium, or ferric oxides. 

Calcium fluoride. ^ 

Silica or effi insoluble silR'ato. 

These substances may be identified in the insoluble portion of the substance 
by special methods. A common way of dealing with an insoluble substance 
is to fuse it with about five tiroes its weight of sodium carbonate or fusion 
mixture, allow to cool, boil the regiduo with water, and filter. During the 
fusion double decomposition takes place, as, for example ; 

BaS04+Na,C0,==:BaC0, + Na,804. , 

The filtrate is examined foi^ acid radicl^, and the residue, after washing with 
water, is dissolved in dilute hydrochloric acid and ei^mined for metds, • 
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Efamine th^ solution as follows : 


Table for the Separation of Metals into Groups 


Add to the solution dilute hydrochloric acid. Cool well, and filter. 


Beiidw.— 
Silver, 
mercurous, 
lead. Ex- 
amine by 
table for 
Group I. 




JP^irate.—Dilute, warm, and pass hydrogen sulphide. 


/ZeiidtM.— Wash well, 

warm with yellow 
ammonium sulphide 
for a few minutes, 
and filter. 


Retidui . — 

Lead,^ 

mercuric, 

bismuth/t 

copper, 

cadmium. 

Examine 

by table 

for Group 

Ila. 


Filtrate.— 
May con- 
tain : ar- 
senic, anti- 
mony, tin. 
Examine 
by table 
for Group 
lib. 


Filtrate.— Bott to expel hydrogen sulphide, add a 
few drops of nitric acid, and bofi again. Add 
ammonium chloride and excess of ammonium 
hydroxide. Filter. 



Filtrate.— AM ammonium sulphide, 
and filter. i 


Residue . — 
Zinc, man- 
ganese, 
nickel, • 
cobalt. 
Examine 
by table 
for Group 
IV. 


Filtrate.— AM ammon- 
ium carbonate, and 
filter. 


Residue.— 
Barium, 
strontium, 
calclunf. 
Examine 
by table 
for Group 
V. 


'FiUnU.— 
May con- 
tain: mag- 
nesium, 
lithium, 
sodium, 
mtasslum. 
Examine 
by table 
for Group 
VI. 


Separation of Metals of Group I. 


Wash the precipitate with cold water. Boll with water, and filter hot. 

» 

iZeiidtM.— Wash with boiling water, and pour 
warm ammonium hydroxide over the filter. 

Ft7fraf«.— Small needle-like crystals de- 
posited on cooling.— Lead. Confirm by 
heating to boiling again and adding 
potassium chromate. Yellow precipl- 

Lead. 

/tesidue.— 

Black.— 

Msreurous. 

Fi/fmto.— Acidify with nitric 
odd. White precipitate.— 
Silver. 


^ Whbn lead is present, a little is always precipitated in thih group, as 
lead chloride is slightly soluble in coid water. « 

* Maiu^eso is sometimes precipitated in this group, and should always 
be tested for unless the precipitate is white. 
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Sefabation of Mictals of Qrouf IIa.* 


Wash the precipitate, boil with dilute nitric acid, and filter. 


/feiidue.— Black. 
—Mercuric. 
Gonflna by dia- 
aolvlna m a 
mixture of con- 
centrated h]rdro- 
chlorio and 
nitric aqtdH, 
well, 
addins 
0 stannous chlor- 
ide. White pre- 
cipitate.— 
Mereario. 


diluti^ 


Jt/frohi.— Add dilute sulphuric acid, allow to stand a few minutes, 
and Alter. * • 


ReHdue,— I PUtrate.—AM excess of animoniuiu iiydruxide, warm, 
Wiiite.- ! and Alter. 

Uad. 


!• t 

i ifwk/ue. WiUte. 

— Bismuth. Dla- 
»lve in dilute 
; hyilrochiorlc at'ld, 
and pour into ! 
! alK>ut a litro of , 
I water. Wiilte ' 
; turbidity. - 
Bismuth. 


Divide into two parte. 


1. Acidify Mith 
acetic acid and 
add potassium 
fcrroeyanidi*. 
Brown preciRi- 
tntc or coior- 
ation.-- 


II. If copper 

Oild 




present, 
tHdasalum 
auide 
colourless. I'ams 
liydrotfcn sul* 
pliide. Yellow 
precipltate.- 


ShTARATION ok Mh:TAb.S OP (iROUl* lilt. 


Acidify the solution \»1th dilute hydroclilorlc acl<l. A yellow or ca«n«e preelpltate (Btljer 
tliaii Bulpiiur, wlilcli is vefy pale yeilowksliows tlw presence of arsenic, antiinon% or tm. 
Boll the precipitate with concentrated hydrucldorlc aeiil, ami Alter, • ^ 


Yellow.— 
Arsanio. Coiitirm 
by Fleitinanils 
test (p. 143). 


Filtrate. - Make siUbUy alkaline wltli aininoaiuiF hydroxlSe, add 
solid oxalic acbl, and l*oll. I'ass liydroBcn lAilplilde, and Alter. 


Reeitiue.- ' FUtrate.- Make alkaline with Bmintmluiu hydroxide, 
Orange.— acidify with acetic acid, and iwll. Tass hydrogen 
Antimony. | sulplilde, Brownlsli-ycUow precipitate.— • 
Tin. 


S*EPAUATION OK MkTALH OF (j;Rf)UP 111. 


A small portion of the precipitate must be tesUni for pliosphate by dissolving in dilute 
nitric iM;id, ad<llng excess of ammonium molybdate solution, and warming. A canar^'• 
yellow precipiUto sliows the presence of phospiiate. If pliosplui^tc is pr^nt. examine 
tlie main portion of the predpilatx* by the next tabic. If nhosphste Is sbsent, boU the 
main portion of the precipitate with sodium hydroxide solution, ami Alter, 


Rtiidm . — Suspend In water, add excess of sod^m peroxii^, in small 
quantities at a time, boil, Ind Alter. 


Retidm. — Brown. — Iron. Dis- 

solve In dilute hydrochloric 
add, and add potassium 
ferrocyanlde. PruiMan blue 
predpltate.— 

Ifon. 

Test original substance for Fe" 
and Fe'". 


Filtrate. -If yellow, chromium 
Is present. Acidify with 
acetic add and Siid lesxl 
adbtate. YcUow predpl- 
tatc.— 

OirmniuiB. 


I Filtrate, — Add ex- 
, ecMM of ammonium 
chloride, and boll, 
) White predpl- 
i tate.— 

I 
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Treatment of Group III. PREOiPiyATS when Phosphate is present 


1 * 

Teat a small portion of the precipitate for Iron by dissolving In dilute hydrochloric add 
and adding potassium ferrooyanide. A Prussian blue precipitate shows presence of 
Iron. Idsiolve the remainder of the predpitate In the least possible quantltv of dilute 
hydrochloric acid, and add excess of ammonium acetate, followed by ferric chloride 
solution, drop by drop, until the liquid is red. Boll well, and filter. 


.Pi/frofe.— -Add ammonium chlorl& and 
excesf^ of ammonium hydroxide, filter IS 
necessary, and examine the filtrate for 
metals of Groups IV., V., and VI. 


T 


Assidue.— Consists of basic ferric acetate 
and ferric phosphate, with, possibly, 
aluminium or chromium. Examine for 
aluminium and chromium by the previous 
table. 


Separation op Metals of Group IV'. 


Wash the preclpitateij shake well with cold, very dilute, hydrochloric acid, tnd filter. 

AsiWue,— Dissolve in |Conccntrated hydro- 
chloric, acid with a little pota^um 
chlufate. Evaporate the solution Just to 
‘ dryness. Dissolve the residue in water, 
add potassium cyanide, drop by drop, 
until the precipitate first formed Just 
redlssolvcs. BoUf add excess of sodium 
hydroxide and bromine water, boil again, 
and filter. 

Pi/lnits.— Boll to expel hydrogen sulphide. 
Cool, add erccss of sodium hydroxide, 

* and filter. 

Jlesidw. -Flesh-coloured 
or brown. -Manganese, 
Boll with excess oL 
lead peroxide ancf 

concentrated nitric 
acid, dilute, and 

allow to settle. 

Purple supernatant 
liquid.— 

Mangansif. 

Filtrate. — Pass 
hydrogen sul- 
phide. White 
or dirty white 
precipitate.— 
^0. 

/iMirftts.— Black.— 
Nickel. Fuse In 
a borax bead. 
Brown bead.— 

Nickel. 

Filtrate. — Evaporate 
Just to dryness, and 
fuse the residue in 
a borax bead. Blue 
bead.— 

Cobalt. 


Separation of Metals or Group V. 


A * 

Wash the precipitate, dissolve inqiilute acetjp acid, add potassium chromate, and filter. 

Reeidue,— 

Yellow.— 

Barium. 

1 

—j 1 

Filtrate , — ^Divide into two ports. 

Part I. —AM caldnm 
sulphate solution, 
and allow to stand. 

• Small white pre- 
olplU.te.— 

Strontium. 

Part Ilf-AM dilute sulphuric acid, warm, and 
allow \o stand. Filter if necessary, make the 
filtrate' alkaline with ammonium hydroxide, 
and add ammonium oxalate. White pre- 
cipitate. — 

CaMum. 

1 1 
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Separation op Metals op Group VI. 


Divide the solution into two parts. 

Part /.—Add sodium phosphate. Shake 
urell, and filter. 

Pari //.—Evaporate to dn'uess, and apply 
tlie flame test to the residue. 

Crimson flame, invisible tlirough Indigo 
prism.— 

Uthlum. 

Lilac flame, criinsun through Indigo prism.- 
Potassium. 

Bright yellow flame, invisible tiuxmgh 
indigo prism. — 

Sodium. 

Reiidiu — 
White.— • 

MagRlMium. 

• 

FiltraU,— Add excess ef 
sodium hydroxide, 
and boil well. Wldte 
precipitate. — 

Lithium. • 


Final Examination for Acid Hadiclks 

• • 

Boil tbo original substance with sodium carbonate solution, and 
filter. .Divide the filtrate into two parts and apply the following 
tests : 


Part I. of the Solution 


Acidify with dilute nitric acid, add excess (f silver nitrate, and filter cold. 


Ruidue. — Wldte. May e<intaln : 

SSSSh® \ Insoluble In Ijolliiig con- 

I(Sido^° j •ntratcil nit ric acid. 

Bromato \ 

l(^te I Soluble In Ijolllntr concen- 

Cyanide ' trated nitric acid. 

Oxalate I ... 

All the above precipitates arc wldte, and 
rea^y soluble in dilute ammonium 
hy^xlde, with the followinn execi»- 
tlons : 

Bromide,— Pale >'tllow’, and sparingly 
soluble. 

Iodide.— Yellow, and almost Insoluble. 


Ftltratf.- Add ammonium ^lydroxldc*, drop 
by <lrup, until a prerfldtate Is pro<Iue<‘d. 

White prciiidtat<*. -Borate. 

Oxalate. 

'J’artrute. 

Yellow precipitate. - Phosphate. 

Arsenito. 

Brown precipitate. -Arsenate. 

Brownlsli-rod precipitate. Chromate. 
Confirm Imrate by mlxlna the orlainal 
HtibsUnee with a few droiw of con- 
centrated sulphuric acid and alcohol, 
and applylnii a liglit to the mixture. If 
lK»rate is present, the flame has a itrccn 
tinge. 


Part II. of the .Solution 


Acidify wlfti dilute hydrochloric acid, add excess of barium clUoride, boll, and fllfcr. 

• • • ... 

Retidue — 
White.— 
Sulphate. 

FiltraU. — Cool, and add exi'css of ammonium hydroxide. The following 
may be predpltabwl : 

Borate (white) \ 

Phosphate (white) | ^ 

ArMUite (white) • ,* S<dublc in dilute acetic aciil. * 

Araei^ 1 

Oxalate (white) Sparingly soluble in dilute acetft^idd. 

• __A , ^ 



SCHEME FOR THE IDENTIFICATION OF ClERTAIN 
ORGANIC COMPOUNDS » 

Tub substance may be either a solid or a liquid. . If a liquid, it 
is ^probably one of the following: methyl alcohol, ethyl alcohol, 
solution of formaldehyde, acetone, acetic acid, chloroform, glycerin, 
hydrocyanic acid, or an aqueous solution of an organic substance. 

A. The Substance is a Liquid 

Evaporate apportion to dryness ^ at a temperature not exceeding 
130°,--Note any odour evolved during this process, and the nature 
of tlje residue, if f.ny. 

‘ If •the residue is a viscous, pijjictically odourless liquid, it is 
glycerin. (Jonfirm by heating strongly with an equal weight of 
pote^um hydrogen sulphate, when the characteristic, pungent 
odour of acroleifi (p. 283) is evolved. 

If the residue is a viscous liquid, possibly solidifying to a 
crystalline mass on cooling, and having the characteristic odour 
0 ^ phenol, examine by Section B. 

If the characteristic odour of formaldehyde is evolved during 
the process of evaporation, and a white, amorphous solid residue 
remains which sublimes on strongly heating, the liquid is probably 
a solution of formaldehyde, the solid residue l^ing paraformaldehyde 
formed by polymerisation during the process of evaporation. 
Confirm by tests given on p. 233. * 

‘ Any solid residue obtained, other than paraformaldehyde, 
must examined by Section B. 

If the liquid is completely volatile below 130®, examine as 
follows : •• r f 

Carefully note the odour, and, if tho presence of acetic acid, 
chloroform, or hydrocyanic acid is suspected, apply the tests for 
acetates (p. 248), chloroform (p. 271), or cyanides (p. 304). If none 
of these, is presWt the substance nvist either methyl alcohol, 
ethyl idoohol, or acetone. Apply the* following tests : 

^ As r^uired by tba syllabus for the 
Ex^mmat'ion. 
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* WaTpi a link of (he liquid with a eohium of potassium dichffmaie 
acidified wiih dilute sulphuric acid. — Reduction of file dichromate 
shows the presence of methyl or ethyl alcohol. In the case of 
ethyl alcohol, the characteristic odour of acetaldehyde will be 
observed. * • 

Warm a few drops of the liquid with •about 5 mils of sodium 
carbonate solution and a crystal of iodine. — A yellow crystalline 
precipitate, with the characteristic odour of iodoform, shows the 
presence of ethyl alcohol or acetone. 

Shake the liquid with, an equal volume of a cold, concentrated, 
.freshly ^prepared solution of sodium bmilphite.—A white crystalline 
piBcipitate, separating with some development of heat, shows the 
presence of acetone. 

The identity of the liquid may he finally conliniK'd by a deU|r- 
mination of its boiling-point. 

B. TIhe SubStance is a Solid 

If in deliquescent, colourless crystals, having the characteristic 
odour eff phenol, confirm by tests given on p. 347. 

Apply th(#folloAyng tests : 

Heat to redness in a dry Ignition tube : , 

Cyanogen evolved (bams with § ]x‘ach-ci>loiircd flame). -Afeicurlb 
or silver cyanide. * 

Odour of Phenol etolved. — Salicylate. 

Charring, with Odour of Burnt Sugar. — Hxitroto, glucoses 
lactose, starch, tartaric acid or a tartrat-e, .salicin. 

Charring, with Odour of Singed Hair. — Alkaloid. 

Most other organic compounds char on ignition. 

Warm with dilute sulphuric acid ; 

OdUhir of Hydrocyanic Acid evolved.- Cyanide. Confirm by 
tests given on p. 304. 

Od(mr of Acetic Acid evolved. — Acetate. Confirm by tests 
given on p. 248. • 

TreatVIth concentrated sulphuric acid : 

Deep* Red Colour produced in (he (.'old. — »Salicin. Confirm by 
te*sts given on p. 382. * • ^ 

Corauferable Charring on genl^ uarnifng. —^ncroae, glucose, 
lactose, starch, tartrate? 

Charring on boiling. — Citrate, salicylate, alkaloid. 

Carbon Monoxide evolved (no ckarriruj).— Cyanide. 

Carkm Monoxide and Carbon Dioxide evolved (no charrinq ). — 
Oxalate. 

Tests for Metals 

If, on ignition in a free access of air (on a oniable lid or in an 
open crucible), the sul^tance bums away without residua, it is 
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uDneOBseary to test for metals other than mercury, arsenic, antimony 
and the basic radicle ammonium. 

If a residue remains after ignition, test the orimal substance 
for metals by the ordinary methods of group analysis, with the 
following modification, ifter rctooval of Group U. metals by 
means of hydrogen sulphide, evaporate the filtrate to dryness, and 
ignite the residue in order to decompose organic matter ; allow to 
cool, add dilute hydrochloric acid, boil, filter, and employ the 
filtrate for testing for metals of the remaining groups. If metals 
of Groups I. and II. are absent, the original substance may be 
ignited, the residue boiled with dilute hydrochloric acid and filtered, 
and the filtrate employed for testing forjnetals. 


Tests for Alkaloids 

Apply the geftcral tests for alkaloids (p. 388), and, if an indica- 
tion is given, apply individual tests ^for cocaine (p. 390), morphine 
(p. 397), q^uinine (p. 394), and strychninb (p. 400). 

Alkaloids may be present either in the free state a* as salts. 
If an alkaloid has been found, boil the original substance with 
aqueous sodiun\, carbonate, cool, filter, and test the filtrate for the 
follQwing acidic ‘radicles : chloride, bromide,’ sulphate, nitrate, 
phoj^phate, acctcgt)e, tartrate, citrate, salicylate. 


Tests for Organic Acids 


Boll about 2 grammea of the subatanco with about 10 mils of concentraind sodium carbonate 
solution, and filter. Cool the filtrate thoroughly, acidify with acetic acid, and filter 
off any precipitate. 

Hnidw . — Of benzoic or salicylic 
acid shows preaence of benzoate 
or salicylate. Wash wltli a 
little cold water, dissolve . In 
ammonium hydroxide, boil to 
expel excess of ammonia, cool, 
and add ferric chloride. Buff 
precipitate.— Benioate. Confirm 
by tests given on p. .'160. 

* Violet coloration. — Salicylate. i 
Confirm by tests given on p. 
306. 

Filtrate.— \M calcium cldoride, and filter. 

Iteeidue.— 

White.— 

Oxalate. 

Filtrate.- -Make lust alkaline with 
ammonium hydroxide, shake well, 
allow to stand, and filter. 

Residue . — 
White.— 
Tartrate. 

FUtrate.—BoW for two 
minutes. White ays* 
talllne ^^g^pltate. — 

• 


Tests for Carbohydrates 

Boil with a little IFafer.— Jelly-like mucilage produced.— Starch. 
Confirm by cooling and adding a tr^e of iodine, when a deep blue 
colour is produced. 

Shake, ioith water, filter if necessary, add Fehlirig*s soltUhn to 
the fiUrate, and *heat nearly to. boiling. Red precipitate.— Glucose, 
l^ctose^ Confirm by tests given on pp. 316, 321. 
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Bam for five mintUea with dilute hydrocMorie acid, make alkaline 
with dodxum hydroxide, filter if necessary, add Fehling's solution to 
the fiUralef and heat nearly to boiling. In the absence of glucose 
or lactose, a red precipitate 8|iows the presence of sucrose or 
starch (pp. 320, 323). 



NOTES ON THE IDENTIFICATION OF OBGANIC 
COMPOUNDS IN GENERALI 


It is not feasible to devise a general systematic scheme for the 
idfntification of organic compounds. The usual procedure is to 
apply a few simple tests, and then to follow up any indications thus 
obtained as to the chemical nature of the substance. It will 
therefore be seen that the method of ott^ck, after a few preliminary 
experiments, will vary considerably with diifcrent compounds. 

Physical Properties. — ^In many cases the type or class to which 
a compound belongs can be ascertained from the odAir, as in the 
case* of hydrocarbons (compare petroleum and benzene), esters, 
halogen derivatives of hydrocarbons, nitro-compounds, monohydric 
phends, ai^ines (aliphatic and aroifiatic), and cyanides. 

/ JSolubility in Water,-r- AW hydrocarbons are insoluble. If 
hydrogen is displaced by groups such as —OH, — NHg, — COOH, 
-^O.NIL, — SO 3 H, >00, or — OHO, the product m&y be soluble, 
but the effect produced depends— ® 

( 0 ) On the number of such groups which have displaced hydrogen 
atoms (compare CjHg.OH and C 8 H 4 (OH) 2 ). 

( 6 ) On the molecular weight of the remaining hydrocarbon 
radicle (compare CH 3 . OH and CgH^ . OH). •” 

Halogen derivatives of hydrocarbons, ethers, esters, nitro- 
compounds, and cyanides arc practically insoluble in water, unless 
they also contain one of the above groups, or have a relatively low 
ii\olecular weight. 

Boiling-point . — ^The boiling-point of a substance, takeif in con- 
junction with the behaviour towards water, affords some idea 
of the molecular weight, and the following l^iling-points should 
be comfoitted to memory as a guide : ether (35°), acetone (56°),. 
ethyl idcohol (78°), ethyl acetate* (78°), benzdne (80°), phenol (183°), 
aniline (183°), and nitrobenzene (208°). 

The boiling-point may be observed fairly accurately in a test- 
tube. « 

Action of Heat. — Substances Vhich contain two or more 
— COOH, T-S08H, or — NO| groups generally decompose when 

' • 

^ This section is chiefly o! interest to those stuc^ving for the Pharmaoeutioal 
Ohomist Qualifying Exainination, or lor a degree m pharmacy. 
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APPENDIX 43l« 

they ai% heated, unless they have a low molecular freight ; i» also 
do sugars, gluoosides, and metallic salts. 


Action ot Reagents 

Cold Sodium Carbonate Solution.— (a) Acids pass into sohitfon 
with effervescence ; when they arc insoluble in water, they are 
reprecipitated on addition of a mineral acid. 

(6) Ammonium salts ^ve ammonia. 

(c) •Anhydrides may pass into soluble salts. 

(d) Salts of bases (organic or inorganic) are decomposed. 

Cold Sodium Hydroxiae Solutmi. — In addition to (a), (6), (c), 
and (d), phenok pass into soluble phenates. 

Boiling Sodium Hydroxide Solution. — Hydrolyses esters, ami<|os, 
and anhydrides. Resinifies aldehydes (and sugary). 

Cold Dilute Hydrochloric Actd. — Bases pass into soluble salts, 
and, if insoluble in w^ter,,arOreprecipitak‘d on addition of sodium 
hydroxidg. 

Ferric Chloride Solution. — Gives colour retwtions with phenols 
and some of^their derivatives. 


Tests for Elements 

Apply the tests for halogfns (copper-wire tc‘Rt and ffodi^u 
fusion), nitrogen, sulphur, and metals. • • 

Subetancefi which contain Nitrogen. — Ammonium ealts, ifmides, 
amines (test vtfiether primary, secondary, or tertiary), and nitro- 
compounds (also cyanides, cyanohydrins, oximes, hydrazones, 
imides, etc.). Nitro-compounds are usually yellow, and decom|K)se 
with a puff when heated : reduce to a iirimary base and identify 
this. 

Substanoee which contain Suljfhur.—Mkyl sulphuric acids and 
their salts. Sulphonic acids and tht'ir derivatives. Sodium hi- 
s\4phite compounds of aldehydes and ketones. 


Miscellaneous Tests 

Heat with Sodadime. COOH groups are displaced by 

hydrog^, and vapours #ith* characteristic odours may bg evolved 
(for example, benzenetfrom benzoic acid, end phenol from salicylic ^ 

acid). * 

Heat with Zinc Dust.— The substance may be decomposed 
with evolution of vapours with characteristic odours (for example, 
cyclic bases from alkaloids^. Phenols may hff reduejd, with 
evolution of hydrocarbon vapours. 

Tests for Unsalurated Compounds.— Trent ^with*proinine m 
absence of water, when additive products are formed^(in presence 
of water, bromine mky act as to oxidising agent). Ti;pat yt^h 
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• • 

sodiuAi carbonate solution and a few droitt of potassium pennan- 
ganate (unsaturated compounds reduce alkaline permanganate in 
the cold). 

In the identification of salts, amides, and esters, it is usually 
necessary to isolate thc^ acid and identify it. For this pur^se 
amides and esters may be hydrolysed by boiling with a dilute 
solution of sodium hydroxide under a refiux condenser. Substituted 
amides (e.g. acetanilide) are often more easily hydrolysed by means 
of 60 per cent sulphuric acid. * • 

f 

In the case of solids, the melting-point serves as a final test 
when the identity of the substance is practically proved. 



CLASSIFIED* LIST OF QUANTITATIVE 
ESTIMATIONS 


Estimations with Acids and Alkalies 

• 

Acidum Aceticum • « • 

„ „ • Dhutum . 

,, Glacialo . 

„ Boricum .... 

„ • Citricum .... 

„ Hydfobromicum Dilutum . 

,, Hydrochloricum 

‘ „ yilutum . 

„ Lacticura .... 

,, Nitricum .... 

,, • „ Dilutum . 

„ Mitro-Hydrochloricum Dilutum . 

„ Phosphoricum Concentratum 
„ „ Dilutum 

,, Picricum . . 

„ Sulphuricum 

„ „ Aromaticum . 

„ - „ Dilutum 

„ Tartaricum .... 

iiilther Aceticus • . 

A«[imonii Carbonas .... 
Borax Purificatus .... 
Hexamina .... 
Hydrargyrum Ammonifttum . 

Liquor AmmoniiP o 

„ „ Fortis 

„ Calcis ..... 

„ „ Saccharatus 

„ Formaldehydi . • . 

„ Potass® . • . 

Lit^ Carbonas . . . .^ 

Potassa Caustipa .... 
Potassii Bicarboifas *. 


249 

240 

260 

46 
292 

19 

17 

•17 

m 

SO 

36 

30 

41 

42 
360 

27 

28 
28 

2(K) 

200 

92 

47 
235 
101 

34 

33 * 

100 

100 

234 

54 

89 

63 

56 
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Potassii Cafbonas 
„ Taxtras Acidus 
Potassium carbonate and bicarbonate 
„ „ „ hydroxide 

^ Sodii Bicarbonas « . 

„ Carbonas 

„ „ Exsiccatus . 

f, Phosphas 
„ „ Acidus 

Sodium carbonate and bicarbonate . 

» „ » hydroxide 

Spiritus Ammonia3 Aromaticus 
„ „ Fetidus . 


PAGE* 

. 55 

. 68 
. 57 

. 53 

. 73 

. 72 

. 72 

. 79 

. 80 
73 

. 7a 
. 93 

94 


Ignition and Titrcjfion of Alkaline Residue : 
lithii Citras 

Potassii Acetas . . • 

„ Citras 
„ Tartras 
„ „ Acidus 

Sodii Benzotis, .... 

• et Potassii Tartras 
Salicylafi 


90 

66 

69 

67 

68 
86 
85 
87 


^ Estimations by Oxidation or Reduction 

Potassium Permanganate : 

Ferri Sulphas 

if ,, Exsiccatus 
• Ferrum ^dactum 

Liquor Hydrogenii Peroxidi . 

„ Plumbi Subacetatis Fortis 
Plumbi Acetas . 

Sodii Nitris 


Oxftlic Acid : 

Potassii Permanganas . . . . 65 

Potassium Dichromate : * 

Ferrf Carbonas Saccharatus . . . . " 133 

„ Phosphas SaccfiaratuB * . * . .132 

Potassium Dichromate and Sodium Thiosulphate : 

Caloii Hypophosphis . . . .106 

Sodii „ . 82 

Sodium Thiosvdphete: 

Calx Chldrinata * . .11 

•lodmn • . 14 


126 

124 

7 

• 171 
171 
78 
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liquor Galois Chlorinatse 


^ PAM 

. • . .12 

„ Sodse ChlorinatsB 


. 12 

Potassii Bichromas 


64 

Sodii Arsenas Anhydrosus . . 


... 84 

Tinctura lodi Fortis . 


. 16 

„ „ Mitis 


. ^16 

Unguentum lodi 


. 16 

Sodium ThioaulphcUe and Iodine : 

Acidum Sulphurosdm . 

. 

. 30 


^Iodine : • 

Acidum Arseniosum . 

Antimonfi Oxidum 
Antimonium Tartaratum 
Liquor Arsenicalis 

,, Arsenici Hydrocliloricus 

• • 

Fehling'i Solution : 

Glucosum 

Estimations by Precipitation 


Silver Nitfoie : 

Acidum Hydrobromicum Dilutum . . #19 

„ Hydrocyanicum Dilutum . • 392 

Ammoijii Bromidum .... .95 

Aqua Layocerasi .... 302 

Potassii Bromidum .... .68 

,, lodidum .... .00 

Sodii Bromidum .... . ^6 

„ Chloridum .... .76 

• „ lodidum ..... .76 

Strontii Brosnidum .... .108 


Silver Nitrate and Ammonium Thiocyamte 
Acidum Hydriodicum Dilutum 
Olbum Sinapis Volatile 
Syrupus Ferri lodidi . 

Amnipmum Thiocyanate : * 

Hydrargyri Oxidbm Flavum* 

„ ,, Rubrum 


.21 

308 

130 


. 159. 

. 168 


145 
149 

•151 

146 
14B 


01 Y 


Nitrom|ter Estimations 

Amyl Nitris . . • 

liquor Ethyl Nitritis 

„ Hydrogenu Peroxidi 
Spiiitus JStheris Nitrosi 


. 264 
. 261 
6 

. .262 
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* • Gravimetrie Estimattons * 


Antimonium Sulphuratum . 

Argenti Nitras 

„ Induratus 
„ Mitigatus 
Bismuthi Carbonas 
f, Salioylas 

„ Subnitras . 

Calcii Lactas . . . . • 

Calx Sulphurata 

Ferri et Ammonii Citras . > 

„ Potassii Tartras 
Hyi'argyri Perchloridum 
^ Liquor Ferri Perchloridi Fortis 
„ „ Persulphatis 

Magnesii Sulphas . • « • 

Morphines Acetas . . • 

„ Hydrochloridum . 

„ Tartras 
Potassa Sulphurata . 

potassii Bicarbonas 
Bodii Sulpha^ .... 

^ Strontii Bromidum . . ^ • 

• Sulphu^ Preecipitatum 
^ ^ „ Subliraatum . 

linctura* Jalapee 

Vinum Ferri .... 

Zinci Valerianas 



PAOB 

150 

167 

167 

167 

153 
155 

154 

107 
103 
135 
137 
160 
127 
129 
114 
399 

399 

400 
61 
56 
77 

108 
25 
23 

385 

137 

121 


Alkaloidal Assays 


Preliminary Exercise .... . 407 

Cinohonee Rubree Cortex ... 408 

Extractum Belladonnee liquidum .* . 410 

„ Cinchonee Liquidum 409 

„ Ipecacuanhss Liquidum . • . 411 

„ Nucis Vomices Liquidum . 41S> 

•„ „ „ Siccum* . • • 412 

„ Opii liquidum •. . . 415 

„ „ Siccum ... . 414 

Ferri et QuinineB Citras ... 136* 

Opium ..... .413 

Tmgtura CihohonsB . . • . . . 410 

' „ „ Composita « . . . 410 

„ ••NudsVomic® *. . . . 413 

„ .-Opii ..... .414 



APPEOXIMATE ATOMIC WEIGHTS 

• 

Aluminium 

• 

. A1 

27 

Antimony 


. Sb 

120 

Arsenic 


. As 

76 

Barijim 


. Ba 

137 

Bismuth 


. Bi 

208 

Boron . 


. B 

.• 11 

Bromine 


. Br 

. " 80 

Calcium , 


. Ca 

40 

^Carbon 


. C 

12 

Chlorine 


. 01 

36-5 

Clyromium 


. Cr 

62 

Copper • 


. Cu 

.*.• 63*6 

Hydrogen 


. H 

1 

Iodine . • 


. I 

. * 127 . 

Iron 

1 

. Fe 

16 

Lead . 


. ?b 

207 

li^iium 


. li 

. . • 7 

Magnesium 


. Mg 

24 

Manganese 


. Mn 

65 

Mercury 


• Hg 

200-5 

Nitrogen 


. N 

14 

Oxygen 


. 0 

16 

Phosphorus 


. P 

31 

Potassium 


. K 

80 

Silver . 


• Ag 

108 

Sodium 


. Na 

23 

Strontium 


. Sr 

87-6 

Sulphur 


. S 

32 

Tin 


, Sn 

119 

^ Zinc 


. Zn 

66-^ 




INDEX 

Tatin names of official substances in heavy type. 

Where two or more references Sre given, the most important is printed in /teary type. 


Absolute alcoholf 219, 222 
Acacia, mucilage of, test for, 171 
Acetaldehyde, 221, 236 

— ammonia, 236 

— cyanohydrin, 237 

— phenylhydrazone, 23> 

— sodium j>isulphite, 236 
Acetadcl^xime, 237 
Acetamide, 261 
Acetanilide, 3lD 
Acetanilidnm, 340 
Acetates, 248 

— , teats for, .248 , 

Acetic acid, 221, 246, 248 

, derivatives of, 260 

, diluted, 240 

, glacial, J46, 249 

— anhydride, 25Q| 269 

— ether, 259, 26u 
Acetone, 240, 242 

' — cyanohydrin, 241 

— phenylhydrazone, 241 

— sodium bisulphite, 241 
* — , tests for, 242 
Acetonnm, 242 
Aceto-phenetidine, jF, 349 
Acetophenone, 368 
Acetyl chloride, 260, 269 

— urea, 312 
AcetylMi 213 
Aoetylsalicylic acid, 366 
4oid chlorides, 260, 361 

— hydrol^^is, 266 

— potaAium tartrate, 68 

— quinine hydrochloride, <96 

— radicles, detection of, inorganic, 426 

— — , , organic, 428 

— values, 276 
Aoidiim Aceticnm, 248 

DUutnm, 249 

Oliobde, 249 

— AoetylsaUoyliciiin, 366 

— Aneniosam, 144 
_ BeuKdcain, 360 


Acidum (contd.)^ 

— Boricum, 44 
— CarboUcum, 

Liquef actum, 348 

— Chromicnm, 141 
Citrioum, 292 

- Hydriodicum Dilutum, 20 
Hydrobromicnm Dilutum, 18 

~ Hydrochloricum, 16 

• DUutum.l7, 

Hydrocyaniciftii Dilutum, 30j 

- - Lacticum, 26-6 
— Nitricum, 34 * 

— Dilutum, 36 

- Nitro-Hydrochloricum Dilutum, '36 

- Oleicum, 257 

- Phosphoricum Qandbntratum, 40 
— Duutum, 42 

Picricum, 360 
Salicylicum, 366 
Sulphuricum, 26 

- — Aiomaticum, 28 

- Dilutum, 28 
- Sulphurosum, 20 
— Tanuicum, 386 
Tartaricnm, 289 
Aconitic acid, 291 


Acouitina, 404 
Aconitine, 404 
Aconitum NapcHus, 404 
Acrolein, 283 
Acrylic 8< ifl, 267, 283 

— aldehyde, 283 
AdW iMJim, 277 
it-r^pAratni, 276 
Adrenalin, 353 
Adranalinum, 363 
iEtber, 231 

— Aceticiif, 260 • 

— Pu^catuf, 231 

Ajowan oil, 332, 861 
Almhol Abnlntimi, 22^ . 
Alcohol (90 per efnt), ^22 
gAlcoholates,^16 • 
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AloohoHo potash) 210 
Alcohols, aliphatic, 215 
— , aromatic, 355 
classification of, 225 
— dihydric, 289 
— , diluted; 223 
— ,4iigher, 225 
— , monoh^drio, 216 
— , trihydric, 274 
Aldehyde resin, 237 
Aldehydes, aliphatic, 225, 232 
— , aromatic, 356 
Aldoses, 318 

Aliphatic and eu*omatic compounds, 

Alkaloidal assays, 406 

, general method, 406 

“ r-, preliminary exercise, 407 

. typical, 408 

Alkaloids, 387 * 

, general tests for, 388 
— , list of official, 404 
Alkyl cyanides, 303 

— glucosides, 381 

— halides, 268 

— isooyanides, 304 

— radicles, 216 • ,* 

Allyl alcohol, 267, 282 
— Jbipmide, 283 « 

— compounds, 282 
— aoyanamidel? 308 

isothiocyanate, 807, 384 
Almond oil, 2741 
Almonds, 382 * 

Aloe>emodin, 386 
Aloes, 384 
Aludels, 166 
Adum, 138 
— , exsiccated, 139 
Alomen Exsicoatum, 130 

— Poilfloatnm, 138 
Aluminium, compounds of, 138 

— silicate, 49, 138 

— sulphate, basic, 139 
— , testa for, 138 
Alfialgams, 157 
Amides, 260, 361 
Amines, aliphatic, 309 
— , aromatic, 888, 387 
Axnino-awtio acid, 311 

acids, 310 • , 

azo-benzene hydrochloride, 345 

— -formic acid, 310 

— formyl urea, 312 
Ammines, 116, 164 
Ammoni|, 32 * 

— , solution of, 34 

— , , string, 32 

Ammoniacal hquor^32, 90, 94, 826 * 
Axamonia-so4cfprooess,*70, 72 
Ammonifted mercury, WO * 


• 

Ammonii Benioai, 97 , 

— Biomidum, 94 
— - Oarbonai, 91 

— Ohloridiim, 94 

Ammonio-chloride of mercury, 160 
'Ammonium acetate, 248 
, solution of, 96 

— alum, 138 

— benzoate, 97 

— bromide, 94 

— carbamate, 91, 810 

— carbonate, 91 , 

, dispensing of, 92 

— chloride, 94 

— citrate, 96 

— , compounds of, 90 

— cyanate, 307 

— formate, 246 * 

— hydrogen carbonate, 91 

— oxalate, 286 

— picrate, 350 
— f teats for. 91 

— thiocyanate, 307 
Amygdalin, 360, 882 
Amyl alcohols, 220 
Amyl Nitris, 263 
Amyl nitrite, 213 
Amylu|^ 322 

Anal 3 rtical tables, inorganic, 419 

i . organic, 426, 430 * 

Anethole, 348 
Anglesite, 167 

Anhydrides of carboxylic acids, 260, 
287, 361 
Anhydrite, 98 
Aniline, 338 

— hydrochloride, 339 

— stannichloride, 339 

— sulphate, 339 

— n-sulphonic acid, 339 
Anisole, 348 
Antliracene, 37 1^ 

Anthraquinone, 372 

— glucosides, 384 
An^bnii Ozidom, 148 
Antimonious chloride, 148 

— oxide, 148 

Antimonium Snlphnratnm, 149 

— Tartaratnm, 160 
Antimony, compounds of, d4J 

— glance, J47 

— oxychloride, 148 

— pentoxide, 147 
— , sulphides of, 149 
— , tests for, 148 

tetroxide, 147 
trichloride, 148 

— trioxide, 147, 148 
Antipyrin, 266 
Apatite, 37 

AiHnnorplfiiin Hydroehloildiiiii. 404 
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J^pomorohine, 898» 404 

— hydrrobloride, 404 
Appendix, 417 

hqnuL AnrantU Floris, 8 

— Deftillata, 1 

— Lanrooenud, 8, 302 
Arabinose, d; 381 
Arbutin, 363, 888 
Arctottaphylot Uva^urait 383 
Arganti miraii, 166 

Indnratiu, 167 

mtigatiu, 167 

Argol, 68, 288 
Aromadb cpmpounds, 328 
spirit of ammonia, 03 

— sulphuric acid, 28 
Arsenic acid, 142 

— , compounds of, 142 

— limit'test, 176 

— oxide, 142 
— , tests for, 142 
— , white, 144 
Ar^nical iron, 142 
pyrites, 142 

— solation, 146 
Arsenii lodidn^ 146 
Arsenious acid* 142, 144 

and mercuric iodides, solution of, 
147 

— anhydride) 144 

— chloride, 144, 146 

— hydride, 143 

— iodide, 146 

— oxide, 142, y4, 145, 146 
^ crystalline and vitreous, 144 

— sulphide, 142 
Arsenuretted hydrogen, 143 
** Artificial camphor ”, 376 
Aryl ra^cles, 333 
Asafetida, 93 

'Asbestes, 109 
Aspirin, 366 . 

Assay of drugs, 405 
Asyjnmetric carbon atom, 294 
Atomic weights, list of, 437 
Atropa ^Uadonna, 892, 404 
Atropiin^04 
AtropinsB Sulphas, 404 
Atropine, 898, 404 

— suiphata, 404 
Azo-dy^, 346 

BaeiUiu addi lactiei, 253 
Baeyer’s benzene formula, 328 
Penivianuiii, 355, 359 

Tohitaimiii) 366, 359 

Barbaloin, 381, 886 
Barbitone, 313 
Bartdtonom) 313 
Barbituric acid, 313 
Barium peroxide, 4 


Bauxite, 138 

Beckmann thermoifleter, 200 • 
Beeswax, white, 277 
— , yellow, 277 
Benzal dichloride, 334, 356 
' Benzaldehyde, 3, 356, 866 • 

— , cyaM)hydrin, 357, 367, 868, 382 
— , hydrazone, 367 * 

— , s^ium bisulphite, 357 
Benzaldoxime, 357 
Henzamide, 361 
Benzamines Laotas, 404 
Benzamine, 390, 404 

— hydrochloride, 390 

— lactate, 404 
Benzene, 326, 330 

— , action of chlorine on, 333 
— , constitution of, 320 

— derivatives, isomerism of, 329 

— dicarboxylic rtfeids, 302 

— m^disulphonic acid, 336 

— hexachlorido, 333 
— , homologuoH of, 330 
— Bulphonamiilo, 330 

— sulphonic acid, 326, 886 
chloride, 335 

Benzennm, 330 . • 

Benzoated amylic alcohol, 220,408 
Benzoates, tests ^r, 360 
Benzoic acid, 97, 869, 300 

, dor i vat i VOS of, 3W 

-• anhydride, 361 
Benzoin, 359, 309 
Benzoinum, 359 
Benzophonone, 358 
Benzotrichlorido, 884, 359 
Benzoyl chloride, 301 

— eegonine, 389 

Benzyl alcohol, 335, 343, 85{ 

-- chloride, 884, 355 

— radicle, 333 
Bonzylamine, 342 
Bichloride of mercury, 160 
Biniodido of mercury, 161 
Biochemical assays, 405 

Bismuth and ammonium citrate, 
solution of, 154 
-- citrate, 154 

compounds of, 151 

— glance, 151 

^ - hydroxide, 162, 164 
-- nitrate, 162, 168, 154 
fsdire, 151 

— , oxides of, 151 

— oxycarbonato, 162 

chloride, 162» 
nitrate, 163 
;ylate, 164 
^rbonate,462 
M for, 161 
Kido, 161, 163 
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Bfimokhi Oarbonu, 162 ’ 

— Salioylai, 

Subnitrai, 163 

Biuret, 312 
Blaok ash process, 70 

— mercurial lotion, 163 

— 'Wash, 163 « 

Bleaching powder, 10 
Blue vitriol, 164 
Bone oil, 388 
Bone-ash, 37, 70, 104 
Boracic acid, 44 
Borate, test for, 44, 425 
Borax beads, 47, 41M 
— , crude, 43 
— , purified, 46 
Borax Porifloatni, 46 
Boric acid, 48, 44 
BOmeol, 876, 377 
Bomyl chloride, 876, 378 
• Boron, 43 

— trioxide, 43 

Brasaiea sinapoidea, 308, 384 
Bridged rings, 374 
Bromine, 12 
Bromobenzene, 884, 344 
Bromopropionio dbid, a-, 253 
267 

Brofnosucoinio aoi(^ 287 
Bfucif e| 400, 401 
Burnt sugar,* 3 19 
JButanes, 207 
Butyltalcoholfl, 226 

— chloral, 240 • 
Butyl-Chloral Hydras, 240 
Butyl-chloral hydrate, 240 
Butylene, /3-, 213 
Butylenes, 213 

Butyric acid, iso, 252 
, normal, 262 


Oaffoina, 404 
Oafleiiise Oitras, 404 

Caffeine, 402, 408, 404 

— citrate, 404 
“•Cake alkaloid ”, 391 
Calamine, 114 

Oaloil Oarbonas Prssoipitatui, loi 

— Ohlorldam, 102 

— E^drai, 99 

— i^pophoiphis, 106 
~ Laotas, 106 

— Phosphas, 104 

Calcined ma^esia, heavy, 109 

, light, no 

Calcium acetate,*241, 246 

— benzlnesul^honate, 336 

— borate, xmtive, 43 

— carbide^ 213 ^ 

— oarbonatp^98, 101 • 

— pigpcipitated, 101* 


Calcium (oonid .) — 

— chloride, 102 

— ohloro-hypochlorite, 10 

— oinnamate, 368 
— , dbmpounds of, 98 

— cyanamide, 91 

— fiuoride, 98 

— formate, 241 

— fructosate, 318 

— hydroxide, 99 

~ hypophosphite, 81, 105 

— lactate, 106, 264 

— lactdphosphate, synip of, 107 

— metaphosphate, 106 * 

— oxalate, 284, 2^ 

— oxide, 98 

— phosphate, 37, 40, 98, 104 

— pyrophosphate, ^05 

— saccharosato, 100 

— sulphate, 98, 103 

— sulphide, 103 
ta|:trate, 288, 289 

— , tests foh 98 
Calcspar, 98 
Caliche, 13 
Calomel, 163 
Calx, 98 t 

— Chlorinata, 10 

— Sulphorata, 103 
Camellia Hhea^ 404 

•Camphene, 376 
Camphor, 377 
Camphora, 377 
Caramel, 319 • 

Carbamic acid, 312 
Carbamide, 311 
Carbazotic acid, 350 
Carbohydrates, 314 
Carbolic acid, 348 

, liquefied, 348 

Carbon bisulphide, 31 
— , detection oi 190 

— disulphide, 31 
— , estimation of, 191 

— heixachloride, 207 

— tetrachloride, 205, 272 
Carbon Disnlphidnm, 31 
Carbonyl chloride, 271 
Carboxyl group, 243 
Cdrbylamine reaction, 27/ 
Carbylamines, 304 
CarnaUite?61, 109 
Cadcara, 384 

Castor oil, 276 
Catechol, 361 
Catechu, 362 
Caustic potash, 62 
Celestine, 107 
Cellulose, 323 
dinitrate, 324 

Centric benzene formula, 328 
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Am AIImw 277 

— Flava. 277 

Oeruflsite, 167 
Ceryl alcohol, 220 
Oetaoeom, 277 
Cetyl alcohol, 226 

— palmitate, 277 
Chalk, natural, 101, 102 
— , precipitated, 101 
— prepared, 101 
Charcoal, *216 
Cherry-laurel,water, 3. 302 
^ili sabpetre, 34, 63, 69 
China clay, *40 
Cfdoral, 238 

— alcoholate, 238 

— fonnamide, 2^ 

— hydrate, 2^, 239 
— , Btructure of, 201 
Ohloral Formamidum, 240 

— S^dras. 239 
Chloralamide, 240 
Chloride, testa for, 16 
Chlorinate^lime, 10 
, sWution of, 12 

— soda, solution of, 12 

Chlorine, 9 • 

— , solution of, 9 
Chlorobenzene, 333, 884, 344 
ChlorobenzoiG acid, 360 • 
Chloroform, 205, 269, 271 
Chloroformom, 271 
Chlorotoluene, 334 
Cholesterol, 271^ 

Chromates, test !<■’, 140 
Chrome iron ore, 64, 140 
Chromic acid, 141 
, solution of, 141 

— anhydride, 141 

JChrommm, compoimds of, 140 
— , te^ for, 140 
Chrysophanic acid, 3^4 
Cinchona bark, 893, 395, 408 
— ,«pecie8 of, 898, 404 ^ 

Oinckona Ledgeriana, 395 

— swx^gjhraf 408 
Oinehom Bnbra Cortex, osHtiy of, 

408 • 

6inchonidine, 393, 894 
Cinchoulne, 393, 894 
Cinchoninio acid, 394 
Cinchotannic acid, 393 
Cineol, 376 
Cixftiabar, 156 
C innami c acid, 361, 868 

— aldehyde, 358 
Oirmamomum Camphorat 377 
Cinnamyl*cocaine, 391 
Citr^nic acid, 291 

— anhydride, 291 
Citral,379 


Citrates, 29 1 
— , testa for, 292 
Citric acid, 290, 292 
Citronellal, 380 
CUruSt species of, 290 
Claus’ benzene formula, 32!^ 

Clays, 1J8 
Coal gas, 204, 826 

— tar, 325 

Coca leaves, 888 , 391 
Cocatna, 391, 404 
Oocainn Hydrochloridom, 391. 404 
Cocaine, 888 , 391, 404 

— hydrochloride, 891, 404 
— , tests for, 390 
Cochlearia Armoracia, 384 
Cocoa beans, 403 

“ Cocoanut oil ”, 275 
Codeina, 404 
Codeines Phosphift, 404 
Codeine, 397, 898, 404 

— phospliate, 404 
Coa-liver oil, 275 
Coffee, 403 
Collodion, 324 
CoUodium. 324 

Compound tiuQliOTO of cinchona, 
assay of, 410 * 

Condensation reaetions, 242 
Configurational formula^ 296 
Constitutional forniule0,*2OO 
Contact process, 26 
Convolvulinolic , 3115 
Copper acetylide, 2ii4 

— aininines, 164 

— aramonio-sulphate solution, 6 
— , compounds of, 164 

- ferrocyanide, 164, 300 

— glance, 164 
pyrites, 122, 164 

— sulphate, 164 
— , tests for, 164 
Ceriandrol, 380 
Corrosive sublimate, 160 
Cream of tartar, purilie<l, 68 
Crcosol, 216, 852 
Creosote, 216 
Creofotom, 216 

Creioh 351 

Crosids, 0 -, m*, p-, 350 
^reta Gailica, 49 

Creta Prieparata, lOl 

Cryoscopic method for molecular 
weights, 109 
Onpri Solphai* 164 
Cupric oxide, 164 

— sulphate, 164 

— sulphide, 164 

(fhiprite, 164 • 

Cuprous oxide, 164 
*Cura soap, 247 
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CfyanAtes, 307 
Cyanic acid, 307 
Cyanides, 302 
— , tests for, 304 
Clyanogen, 300, 808 
— oonipSunds, 300 

radicle, 300 ' 

Cyanogenetic glucosides, 300, 882 
Cyanohydrins, 287, 241, 357, 368 
Cymene, 332 

Denatured alcohol, 224 
Dextrin, 322 
Dextrose, 314 
Diacetin, 280 
Diaoetonamine, 390 
Diamorphinss Hjrdroohloridam, 404 
Dkznorphine, 898, 404 
-- hydrochloride, 404 
Diastase, 219 * 

^ Diazonium hydroxides, 343 

— salts, 343 
Diazotisation, 343 
Dibromohydrin, a-/9-, 283 
Dibromo-propionio acid, 267 
Dibromosuccinio acid, symmetrical, 

288 * ,• 

Di-oaloium phosphate, 40, 79, 104 
^••hlorocetio acidi 247 
Dichlerbbenzenes, 333 
Bichlorohyd^in, a-a^-, 280 
vDiehloromethone, 206, 260 
DiohromateSfitests for, 140 
Diethyl barbitui^c acid, 313 

— ether, 228 

— ketone, 240 

— malonyl chloride, 313 

% urea, 313 

Digitalis, assay of, 405 
Dihalogen derivatives of porofiOns, 

269 

Dihydrio alcohols, 269 

— phenols, 361 
Dihydroxy 'benzenes, 351 
Dihydroinanothylanthraquinono, 384 
IXluted alcohols, 223 

Dimethvl ether, 228 

— ethylene, symmetrical, 213 
, unaymmetriool, 213 

ketone, 240 

— ketoxime, 241 

— xanthine, 3, 7-, 403 
Dimethylamine, 309 
Dimethylaniline, 342 
Dimethylbenzenes, 331 
Dinitrobenzene, dt-, 886, 340 
Dipentene, 374, 876, 376 
Diphenyl ketpne, 368 
Diphenylaxtune, 344 
Disaooharos^^ 314 
Dicsodiufn hydrogen arsenate, 82 


Di-sodium (conkf.) — • 

— hydrogen phosphate, 39, 78 

— salicjrlate, 364 

Distillation, destructive, £04, 216, 3 
Distilled water, 1 
Disulphuric acid, 26 
Diuretin, 403 
Df-mixtures, 296 
Dolomite, 98, 109, 113 
Donovan’s solution, 147 
Double bonds, 212 
DragendorfE’s reagent, ,388 
Dry exl^ract of nux vomica, Jtssay oi 
412 ^ 

• — opium, assay of, 414 

Drying oils, 275 

Dumas’ method for nitrogen estima 
tion, 192 
Dynamite, 282 




Easton’s symp, 130, 181 
EouUiosoonic method for moleculai 
weights, 200 

Ecgonine, 389 •' 

Effervescent Epsom salts, li^ 

— lithium citrate, 9(k 

— magnesiunr sulphate, 114 

— sodium phosphate, 79 

— tartarat^ soda powder, 85 
Elaidin, 163 

Elixir of vitriol, 28 
Elutriation, 49, 101 
Emetic tartar, 150 
Emodin, 385 • 

Empirical formules, 196 
Emplastrum Hydrargyri, 157 

— Plumbi, 279 
Emulsin, 383 
Enantiomorphs, 295 
Enzymes, 219 , 

Epsom salts, 113 
Ergot, assay of# 405 
Erythroxylum Coca, 888, 40 
Essential oils, 373 
Esterldcation, 217 
Esters, 217, 269 

Ethane, 206 
Ether, 228, 231 
— purified, 231 
Etnereal salts, 217 


Ethers, 2^ 

Ethoxidw, 220 
Ethyl acetate, 269, 260 

— acetoacetate, 266 

— alcohol, 218 

-m — , tests for, 221 


-X barium sulphate, 266 

— benzene, 330, 881 

— benzoate, 361 

— carbamate, 310 

— chloride, 268 
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^thvl (copfcJ.)— 
onloro-forxoate, 310 


diethyl malonate, 313 

— ethylene, 213 

— hydrogen sulphate, 28, 2 10, 230, 264 

— mercaptan, 226 

— nitrate, 264 

— nitrite, 260 
, solution of, 261 

— nitrosamine, 310 

— oxalate, 286 


— potassium sulphate, 265 

— radicle, 216 

Ethsd OdoiMiim, 268 
Ethylene, 210 

— uibromide, 211, 269 


— diohloride, 269 ^ 

— dioyanide, 286 
Ethylidene diohloride, 236, 269 
Eucaine, /3-, 390 
Euchlorine, 10 

Eugenol, 363 
Everett’s salt, 306 
Ezten^ compensation, 297 
Eztraoftft Belladonna Liqnidum, 


assay of, 41ip 

— Oinohona Liquidonaq assay of, 409 

— Ipeoaonanha Liquidnm, assay of, 


411 


— Nnois Vonlioa Liquidam, assay 

of, 412 

— _ — Siooum, assay of, 412 

— Opii Liqnidnm, assay of, 416 
Siocum, assay of, 414 


Fats, 274 

Fatty acids, 243 

Fehlmg’s solution, 317 

Felspars, 138 

Sermentotion, 218 

Ferri Oalhonas Saccharatus, 132 

— et Ammonii Citra8,el33 

Pdtaiiii Tartras, 136 

— < Oitras, 136 

— Phoephas Saocharatos, 131 



—•benzoate, 360 

— chloride, «olution of, 128 

, , strong, 126 , 

— ferrocyanide, 306 

— hydroxide, 128, 188, 136, 136 

— d«ide, 127, 129 

— oxyiodide, 129 

— phosphate, 131 

milphato, solution of, 128 

— thiocyanate, 307 
Ferrous carbonate, 132 

— chloride, 126 

— iodide, syrup of, 129 


Ferrous (oonid,)-~« 

— oxide, 122 

— phosphate, 130 
symp of, 130 

^ — potassium ferrocyanide, 306 
* — sulphate, 126 • 

, exiiccated, 126 

Feinim, 123 
~ Redactnm, 124 
Ferrum Tartaratum, 136 
Fetid spirit of ammonia, 93 
Fire damp, 204 
Fittig’s reaction, 330 
Flame tests, 61, 420 
Fleitmann’s test, 143 
Flowers of phosphorus, 38 

sulphur, 23 

Fluid magnesia, 112 
^ Fluorspar, 08 
Formaldehyde, 21^, 282 
— , derivatives of, 234 
— , polymers of, 236 
— , solution of, 233 
— , tests for, 233 
Formalin, 233 
Formamide, 240, 246 
Formates, 246 • 

Formic acid, 217, 248 
B’owler’s solution, d46 
. French chalk, 40 

Friodel and Crafts’ reaction, 880; 3611 
Fructose, 219, 817 

— phenyl hydrazon^ 348 
B^ruit sugar, 317 

Fucus vesiculosus, 1 3 
Fumario acid, 208 
Busol oil, 220, 226 

CalactoBP, 321 
Calena, 166, 167 
Gallic acid, 364, 367, 386 
Galls, 367, 385 
Gelatin, 311 

Geometrical isomerism, 208 
Geraoic acid, 380 
Geraniol, 380 

Glacial acetic aci<i, 246, 240 
Glauber’s salt, 76 
Gluco-resins, 386 
Glucosazonc, 816, 318 
<4lucoee, m 219, 814, 317 

— osazone, 810, 3i8 

*— plionyl hydrazono, 315 
Glucosiiios, 3, 881 
Qlncomm, 317 
Gluside, 362 
Qhisidllin, 302 
Gluten, 322 
Qftrceridee, 274 • 

Glycerin, 274, 279, 280 • 
os a solvent. 281 



•446 TEXT-rfoOK OF PHARMACEDTICAL 0HEMI8TRT 


Glyoe^ (confci.)— 

— » derivative of, 282 

— of alum, 140 

borax, 48 

boric acid, 46 

Olyoorindm, 280 

— Acldi Borid. 46 
^Alnminii, 140 

— Borsoii, 48 
Glycerol, 274, 879 
Glyceryl mono-formate, 244 
oxalate, 244 

— trichloride, 280 

— trinitrate, 282 
Glycine, 311 

— hydrochloride, 311 
Glycol, 269 

Gwcollic acid, 268, 311 
Goulard’s extract, 171 

— lotion, 172 • 

6 Goulard water, 172 

Granulose, 322 
Grape susar, 314 
Graphic lormulao, 202 
Grey powder, 167 
Groves’ process, 269 
Onaiaoot 362 « 

— Otrbonai, 362 
Gu^ol, 216, 862 < 

— caibftnate, 362* 

Guaiacsaponlo acid, 384 
Guaiacsaponin, 384 
Guaiacum, 38i^ 

Guarana, 403 * 

Gun-cotton, 323 
Gypsum, 98 

Haber’s process, 91 
Hnmatito, brown, 122 
— , red, 122 
Halogen carriers, 333 

— compounds, aliphatic, 267 
, aromatic, 333 

, nomenclature of, 267 

Halogens, detection of, 190 
estimation of, 194 
Hard paraffin, 209 

— soap, 278 
Heavy magnesia, 109 
Heptanea, 208 
Heroin, 398 
Hexacffiorethane, 207 
Hexahydrobenzene, 326 
Hexamethylenetetramine, 236 

HaMmiiia. 236 

Hexamine, 236 « 

Hexanes, 208 

Homatropiiii^ H^^bromidnm, 404 
Homatropine, 898,«404 

— hydrobropide, 404 • 
Homologous series, 206% 


Horse-radish root, 384 
Hydracrylic acid, 263 
Hydrargyri Chloridum, 163 
Hydrargyri lodidum Rabram, 161 

— Ozidnm Flavum, 159 

’ Bnbnim, 168 

— Feiohloridiim, 160 

— Snbohloridnm, 163 
Hydrargyrum. 166 

— Ammoniatnm, 160 

— cum Oreta, 167 

— Oleatum, 279 
Hydrazines, 344 
Hydriodic acid, 19 

f diluted, 20 

, syru{) of, 21 

Hydrobromic acid, 17 

diluted, 18 

Hydrocarbons, 204 
Hydrochloric acid, 16, 16 
, diluted, 17 

section of arsenic, 146 
Hydrocinnamic acid, 368 
Hydrocyanic acid, 3, 244f 800, 301 

, diluted, 301 • * 

Hydroferricyanic acijL 306 
Hydroferrocyaaiic acid, 306 
Hydrogen, detection of, 190 
— , estimation of, 191 
^ — peroxide, 4 * 

, solution of, 4 

— platinichloride, 61 
Hydrolysis, 217 
Hydroquinone, 361, 868 
Hydroxy-acetic and, 263 
Hydroxy-azo-benzeno, 346 
Hydroxy-bonzaldehyde, o-, 367 
Hydroxy-benzyl alcohol, o-, 366 
Hydroxylamine, 237 

Hydroxy -monocarboxylic acids, 263 • 
Hydroxy-propionic acids, 26$ 
Hydroxy-valerignio acid, y-, 266 
Hyoscinis Hydrobromidum, 404 
Hyoscine, 393, 404 

— h}^obromide, 404 • 
Hyosoyaminss Sulphas, 40' 
Hyoscyamine, 892, 404 

— sulphate, 404 
Hvoscyamua muticua, 392 

— m’yer, 392 % , 

Hypopho|phorous acid, 20, 8 

Imides, 287, 362, 363 
Industrial spirit, 224 
Inner anhyvides, 287, 363 
Ipsoluble substances, analysis of, 421 
iptemal compensation, 297 
Intra-moleoular isomeric change, 307 
Invert sugar, 316, 317, 819 
InVertase, 819, 319 
Iodine, 18 
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Xodin« (e#n(cl.)— 

— chloride, 13 

— cyanide, 13, 14 

— ointment, 15 

— , strong tincture of, 16 

— values, 276 

— , weak tincture of, 15 
lodobenzene, 884, 344 
Iodoform, 272 
Xodotomam, 272 
lodum, 13 
Ipuroliaaoid,^85 
Iron, XESp 123 

— and amnfonium citrate, 133, 137 
~ — potassium tartrate, 136 • 
quinine citrate, 136 

— bromide, 67 * 

— carbonate, sac^arated, 132 
— , compounds of, 122 

— , extraction of, 122 

— phosphate, saccharated, 131 

— pyrites, 122 - < 

— , scale preparations of, 133 
— , testejorf 123 

— winel^37 

Iso -amyl nitrites 263 
Iso-bomeol, 877, 378 • 

Iso-bomyl acetate, 378 
Iso -butane, 207 
Iso -butylene, 213 
Iso-cholesterol, 277 
Isomerides, 203 
Isomerism, 202 
— , geometrical, 

— of benzene deri’^tivos, 329 
— , optical, 293 

Isomers, 203 
Iso-nitrUes, 304 
Iso-nitroso-phenazono, 266 
iso-pcp^ne, 208 
Iso-phthalic acid, 362 
Iso-primary amyl aleri^lol, 226, 262 
Isoipropyl alcohol, 226, 240, 241 

— iediae, 226 

— radicle, 2K 
Iso-quimri^e, 387 
Iso-tropylpocaine, 391 

J81ap, 386 
JalapinoUo tkcid, 385 
Jecoleic acid, 275 

Kainite, 61, 62 
Ka6Rn, 48, 138 
ITaftHnnm^ 40 

Kekule's benzene formula, 328 
Kelp, 13 1 

Keraaes mineral, 160 
Kerosene, 200 

Ketraee, aliphatic, 225, 240^ 

— , aromatic, 358 


Ketonio hydrolysis, 261 
Ketoses, 318 
Kieserite, 109, 113 
Kolbe's process, 364 

Lao Sulphuris, 25 

Lactic aetd, 106, 268, 255 

Lactide, 254, 255 

Lactides, 254 

Lactones, 254, 381 

l^actose, 820, 321 

Lactyl-lactic acid, 254 

Lailcnbrng's lx«nzeno formula, 328 

Lsb villose, 317 

Laminaria digitate, 13 

Lavoisier, 189 

Load acetate, 170 

'■-chromate, 168 

— , compoimds of, 1()7 

- -, extraction of, 4 tl7 

- formate, 245 

- iodide, 169 

- limit-test, 173 

- - oxide, 168 

-, oxides of, 168 
-peroxide, 168 

- plaster, 279 *, • 

- subacetato, diluted solution of, 172 
, strong solution of, 171 

- - sulphate, 1 68 

-- sulphide, 168, 173 
J^oaden chaml>cr process, 26 
1^ Bel, 294 • 

Le Blanc process, lo. 54, 70, 76 
Lcniery, Nicolas, 189 
Lepidolite, 88 
Loucopyrite, 142, M4 
Light magnesia, 110 

magnesium carbonate, 1 1 1 
-, polarised, 293 
Lime, 98, 99 

— Bttccharateil solution of, 100 

- , solution of, 100 
— , Hulphuratejl, 103 

water, 100 
Limosiono, 98 
Limoneno, 374 
Linalool, 380 

Llttimentnm Hydrargyri, 158 

Linolonic acid, a-, 2W, 275 • 

Linolic acid, 258, 275 
Linoxyn, 276 
Linseofl oil, 275 
LiqueficMi phenol, 348 
Liquid extract of belladonna, assay 
of, 410 • . 

cinchona, assay of, lOO 

ipecacuanha, avay of, 411 

-± nux vomica, ossa^ of, 412 

opium, assay 6L 415 

paraffin, 268 
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Iqno/ Aoidi OhrenUci, 141 
- Ammonittk 84 
Portti.32 

— Ammonli AceUtii, 96 
96 

— Anenloalif, 146 
--«Aifenloi Hydroohloriooi, 146 

— Aifinli et Hydrar^ lodicU, 147 

— Biimnthi et Ammonii Oitratis, 164 

— Oalois, 100 

ObloiinatflB, 12 

Saocharattu, 100 

— Ethyl Nitritii, 261 
Ferri Peiohloridi, 128 

Portis, 126 

Pennlphatis, 128 

— Pormaldehydi, 233 
-^.Hydrargyri Nltratis Addas, 162 

• Perohloridi, 160 

— Hydrogenii Peroiddi, 4 

— Magnesii Bioarbonatis, 112 

— Plumbi Snbaoetatis Dilutus, 172 
Portia, 171 

•— PotasssB, 63 

— Potassii Permanganatis, 66 

— Sodse Ohlorinato, 12 
Sq^ Ar8enatliC8*4 

— Tnnitrini, 282 
-vl&ioi 0hloridi,,K8 
LithafgS, 168 

Oarbonas, 88 
•-eitrai, 89 
“ 7 — Eflervesaeits, 90 
Lithium carbonate, 88 

— citrate, 89 

— , compounds of, 88 
— , tests for, 88 
Liver of sulphur, 61 
Lotio Hydni^yri Flava, 163 

Nigra, 163 

Lunar caustic, 166 

Magnesia, fluid, 112 
— , heavy, 109 

-j, light, no 

— mixture, 40 

Magnesia Levis, 110 

— Ponderosa, 109 
Magnesii Oarbonas Levis, 111 
Pdnderosns, ill 

— Snlphas, 113 (. 

Bflervesoens, 114 

Magnesite, 109, 113 

Ma^esium ammonium sulphate solu- 
tion, 40 

pl^phate,' 109, 114 

— bicarbonate, solution of, 1 12 

— bromide. 12 

— carbonate, basicq 111, 112 

, heavy, *111 

——.light, 111 

f 


Magnesium (oonfd.)— 

— , compounds of, 109 

— oxide, heavy, 109 
, light, 110 

— sulphate, 113 
— , tests for, 109 
Magnetic iron ore, 122 
Maize starch, 323 
Malachite, 164 
Maleic acid, 298 

— anhydride, 298 
Malic ^id, 287 
Malonic acid, 286 
Malonyl urea, 313 
Malt, '219 

— sugar, 219, 821 
Maltase, 219 
Maltose, 219, 821 
Mandelic acid, 867, 393 
Mandelonitrile, 368 
Marble, 08, 102 
Marsh gas, 204 
Marshes test, 142, 148 
Massicot, 168 
Mayer’s reagent, 388 
Meconic acid, 397 
Mentha amnsf^, 379 
Menthol, 378 
Menthone, 379 

i MercaptanS, 226 
Mercaptides, 226 
Moroaptol, 227 
Mercurial lotions, 163 

— plaster, 167 
Mercuric chloride,*! 60 
, solution of, 160 

— cyanide, 303 

— iodide, 147, 161 

— morcaptide, 226 

— nitrate, 167, 168, 162 

, acid solution of, 162 

ointment*/ 162 

— oleate, 279 

— oxide, 166 

' red, 168 

, yellow, 159, 163 

— sulphate, 167, 160 

— sulphide, 166 

— thiocyanate, 168 
Mercuric-ammonium chloride, 160 
Morcurouf chloride, 163 

— nitrate, 167, 168, 162 

— oxide, 166, 164 
Mercury, 166 

— , compounds of, 166 
subcnloride of, 163 

— -, tests for, 166 

— with chalk, 167 
Mesitylene, 242, 881 
Mesotartorio acid, 297 
Meta compounds, 329 
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^letoboito acid, 48 
Uotoloniialdehyde, 236 
Metallio ladioleB, detection of, 421 
Metals, detection of, in organic com* 
pounds, 191 

Metaphosphorio acid, 37, 89 
Methane, 204 
Methoxides, 216 
Methyl alconol, 215 
— “ — , calcium chloride compound of, 
216 


— bensene, 330 

— catechol, 362 

— ohloftdei 206, 217 
cyanide, 246, 261 

— ethyl ether, 228 
ketone, 226, 240 

— gluoosides, 381 

— methylsalicylate, 366 

— orange, 346 

— oxalate, 286 

— phenyl ketone, 368 
nitrosamine, 34 1 

— propyl elher, 228 

— radMe, 216 

— ^salioylate, 2(65 

— salicylic acia, 366 ' 

Methyl Salioylas, 366 
Methylamine, 300 

— hydrochloride, 310 
Methylaniline, 341 
Methylated spirit, 224 

, detection of, in tiucturcs, etc., 

224 e 

Methylene dichloralo, 206, 267 

— ra^cle, 213 


Methyl-isopropylbenzene, p-, 332 
MethyhmlphonaJ, 227 
Microoosmio salt, 39 
Migration from side chain, 342 

MiScr^20 

— of sulphur, 24, 26 • 

— sugar, 820, 321 
Mineralised spirit, 224 
Bliricyl alcohol, 226 


- ps^hmtato, 277 
Mi8pioke!^42, 144 
MiuMted baustic, 167 
method, 406 
Molasses^ 349 
Molecular formuls, 196 
— weights, determination of, 197 
Monaoetin, 280 

Moa»*caloium phosphate, 40, 1C ' 
Monochloracetio acid, 247 


Monoohlorohydrin, a-, 280 
Monoformin, 244, 282 
Monohydrio alcohols, 216 
Monosaooharoses, 314 
|f«iioxaUn,244,282 
IfotphilUB AMtaf, 399, 404 • 


MorpfaUua {oonk,.,-^ 

— Hydroohloridum, 893, 404 

— Tartrai, 400. 404 

Morphinated water, 414 
Morphine, 897, 404 

— acetate, 3M, 404 • 

— hydrScliloride, 898. 404 , 

— hypodermic injection of, 4(K) 

— salts, solutions of, 400 
— , U^sts for, 397 
Mother of vinegar, 246 
Murexide Uwt, 403 
Muriatic acid, 16 
Mustard seods, 383 
Mycoderma acetic 246 
Myrosin, 308, 384 

Naphthalene, 362, 870 

— /i-sulphonic acid, 371 

Naphthol, »71 • 

Naphthol, a-, 371 
/S', 371 

Naphthylamiuo, a*, 371 
Narceine, 397, 399 
Narcotine, 397, 399 
Nessler glasses, 2, 174 
Nessler'a ammoiqa^test, 2 
Nitranilines, 340 
Nitre, purified, 68^ 

Nitric acid, 34 
~ — , diluted, 36 
Nitriles, 303 
Nitro compounds, ^6 • 
Nitro-aretanilides, 340 
Nitrolx‘nmie, 326, 386 
Nitrogen, detei'tion of, 190 
('stiinatiun of, 192 
— , hxation of, 90 
Nitroglycerin, 282 
Nitro-hyilrochloric acid, diluted, 3tl 
Nitrometer, 6 
Nitronaphthalene, a-, 371 
Nitrophenol, m-, 349 
Nitrophenols, e* and p-, 348 
Nitrophenyl ethyl ether, p-, 349 
NitrosainiiH^, 310 
Nitrosodimethylaniline, p*, 342 
Nitrosyl chloride, 36 
Nitrotoluenos, 331, 886 
Nitrous ether, spirit of, 261 s 
Nomencl#uro of lialogen compounds, 
267 

Normal butaldohydo, 232 

— butane, 207 

— butylene, 213 

— butyric acid, 262^ 

— calcium phosphate, 40 

— pentane, 208 # 

-*• sodium phosphate, 39 • 

Nqx Vomioft* 401 
Nux'vomioa seeds, 400, 401 
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OditM^386 • 

Octanes, 208 • 

Oil of anise, 348 

oajuput, 376 

cinnamon, 363, 868 

cloves, 363 

— -r coriander, 376, 880 
cubebs, 374 

eucalyptus, 376, 876 

^aultheria, 363, 866 

juniper, 376 

lavender, 380 

lemon, 374, 880 

grass, 380 

orange-flowers, 3 

peppermint, 379 

rosemary, 376, 377 

— ^ Siberian fir, 376, 377 

spearmint, 374 

tneobroma, 2^ 

• wintergreen, 364, 866 

Oils, fixed (fatty), 274 
— , volatile (essential), 373 
Oleated mercury, 279 
Olefines, 212 
Oleic acid, 267 
Olein. 274 * V 

Oleod Abietif, 376, 377 
332, 

-#Aniil, 348^ 

^ Oftjapati, 376 

— OaDrophylUv 363 

— Oinnamomi, 3o3, 868 
-- Ooiiindri, 376, 880 

OabebsB, 374 

— Eooa^pti, 376, 876 
-^OanluailsB. 363, 8M 
-r- Oraminif Oitratt, 380 

— Juniparl, 376 

— LayandnlfB, 380 

— Umonii. 374, 880 
-~Llni, 268. 876 
~K6iith»Plparit»,370 
Vlrldii, 374 

Hor1iii», 276 

— OUy». 276 

— Phoiphoraiam, 38 
^ UoInU 276 

~ Roiiiflarinl, 376. 377 

— Seiaini, 276 c 

— Slnapli VoUtUa, 308 

— T6rabinUkin» Baotifloatiim. 376 

— Tbaobromatli, 276 

Oleum Neroli, 3 
Olive oil. 276 * 

Opium, 887, 398, 404, 413 
— , Smyrna, (608 
OahuiL asAv of, 4b3 
OpUosl iaoiiv)fism, 29^ 

Optically active amyl alcohol, 886, 262 


Optically active {eorUd .) — « 

compounds, 293 

valerianic acid, 120,.868 

Orange-flower water, 3 
^Organic chemistry, 189 
* — compounds, composition of, 189 

, aetection of elements in, 190 

, estimation of elen^nts in, 191 

, identification of, 190, 486, 430 

Orizaba jalap, 386 
Orpiment, 142 
Ortho compounds, 329 
Orthobofic acid, 43 
Orthophosphoric acid, 39 • 

Osazosos, 316 
Over-proof spirits, 224 
Oxalates, 286 
— , tests for, 286 * 

Oxalic acid, 244, 269, 284 
Oxaluric acid, 312 
Oxalyl urea, 312 
O/amjde, 285 
Oximes, 287, 241, 367 

Palmitic acid, 252 
Palmitin, 274 ^ 

Papaverine, 39? 

Papaver somniferum, W 
\ Para compounds, 329 
J^araffins, 206 • 

FarafBnum Durum, 200 

— Lifiuidum, 208 

— MoUe, 209 
Paraformaldehyde, 235 
Paraldehyde, 238 o 
Paraldshydum, 238 
Pasteur, 297 

Pelletierinm Tannas, 404 

Pelletiorine, 404 

— tannate, 404 
PeniciUium glaucumt 296 
Pentadigalloyl glucose, 386 
Pentanes, 207 
Perchloride of merc\iry, 16( 
Perchifornic acid, 5 
Perkin’s reaction, 368 
Petrol, 209 

Petroleum, 208 

— spirit, 208 
PffeUanilrenes, 376 
Phenacetin, 349 
Phenaoetmun, 349 
Phenan'threne, 878, 397 
Phenates, 347 
Phenazone, 266 
Hieoasonum, 266 
^enetidine, p-, 349 
^enetole, 348 
Phenol, 846, 348 

— , liquefied, 348 

— sulphCnio acid, 347 
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ftleiioi^btiialAiii, 893 
398 

I1i«iio)s,849 
IPlIenyl earbylamtue, 33tt 
^ on!oHde« 834» 344 

— cyanide, 3M» 369 

— ethyl ether, 348 
methyl ether, 348 

— piropionio acid, 368 
radicle, 333 

— ealioylate, 366 

Phenylamiiw, 338 ^ 

PhenyVd-bromopropionic etid, (i-, 36H 
Phenylduftonium chloride, 343 

— hydroxide, 343 • 

— nitrate, 343 

— sulphate, 34% 

PhenyVa/8«dibromopropionic acitl, /S*, 
368 

Phenylhydrazine, 237, 266, 844 
Phenylhydraeones, 887, 241, 357. 
Phenyl-3-methyl pyrazoipne, t-, Und 
Phlobaph<me8, 386 
Pho^|fine,^71 

Phospnitte of iron with quinine and 
strychniA, synm of, 130 

— separation, 104, 4M 
— , testa for, 40, 423 
Phosphine, 81, 105 
Phosphorate oil, 38 
Phosphoric acid, 39 

, concentrated, 40 

, diluted, 42 

Phoiphonu, 3f 
Phosphorus, 87, 905 

— , detection of, in organic com- 
pounds, 191 

— pentoxide, 88, 39 

— piU, 38 
tO^ide, 38 

Phthalic acids, 362 

— anhydride, 363 a 
Phthalimide, 363 
fHyao^tignui venenoaum, 404 
Physoitigmilia Snlphai, 404 
Physcafeigpiine, 404 

— sulphate, 404 
Picric acid, 360 
*Pig iron, 122 
P£> 0 U|iltti Hltni, 404 
Pilocsurpine, 404 

— nitrate, 404 
Pgpeorpus tMcrovhjtUua, 404 
rtlla Hydnrfyii, 168 

— Phoipliofi. 38 
Pinene, 876, 378 

Pli Ottbonii Pmptrati, 326 
— 1440191,216 
Plastic sulphur, 22 
Fl0iilUA09tel,170 
190 


' Floittht(eoiiid.^e 

— CMdoau 1<^ 

Polaruneter, 293 
Polarised li^t, 898 
Polygalio acid, 384 

I Pt>lytn 4 ^iBation, 234 
Populus^ speoie§ of, 382 
Porcelain clay, 49 • 

Potash ** by alcohol ", 62 
— , caustic, 62 
— , solution of, 63 
** Pot-oshee ", 64 
Potassa OaottlQi, 62 

— Solphorata, 61 
Potaisu Afietai, 66 

— Bicarbodai, 66 

— Biohromaa, 63 

— Bromidum, 67 

— Oarbonas, 64 

— Ohloraa, 60 9 

— Citrai, 68 

— lodidum, 69 
Nitraa, 63 

— Permanganai, 64 

— Sulphu, 62 

— Tartraa, 67 
Aoidua, op* 

Potassio-bismuth iodide, 38H ’ 
Potassio-cupric *|rtrate, sojutin^ 

I’otHSHio-morcuric iodide, alk^nr 
solution of, 2 

, solution of, ^81 

Potassio-tartrate oi antimony, 160 
Potassium acetate, 06 

— alum, 138 

— nrR<mite, 145 

— bcmzenesulphunato, 33" 

— bicarbonate, 66 
“■-* bic hromate, 63 

— bromide, 67 

— carbonate, 64 

* • chlorate, 60 

chloride, electrolysis of, 62 

— citrate, 68 

— , compounds of, 61 

— cyanate, 307 

— cyanide, 802, 307 
-- cyano -acetate, 286 
- dichromate, 63 

• — ferriqyanide, 306 

— ferrocyanide, 305 

— formate, 246 

— hydrogen oxalate, 286 
tartrate, 6' 

— hydroxide, 52 

— iodide, 69 

— manganate, 6., ^ 

9— methyl sulphate, 362 * 

— nitrate, 63 • , 

• — p.pifrnnhnnate. 340 
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Fotaniftn (oonld.)^ 
oxalate, 286 
^ pentasulphide, 61 

— pe nn aog an ate, 64 
, solution of, 66 

— piorate,*360 

— (yu^oxalate, 286 * 

— i^ium tartrate, 84 

— sulphate, 62 

— sulphooyanide, 307 

— tartrate, 67 

, acid, 68 

—, teste for, 61 

— thiocyanate, 307 

— trisulphide, 61 
Potato starch, 322 
Precipitate, r^, 168 
— ,|mite, 160 
Precipitated chalk, 101 

— sulphur, 24 f 
Prepared chalk, 101 

— coal tar, 326 

— lard, 276 

— storax, 368 

— suet, 276 
Primary alcohols, 226 

— amines, 304* • 

Prismihio sulphur, 22 
Prqgtoirit, 223 . • 
pTopalaehyde. 226,* 282 
Pri^e, 207 * 

I^pionic acid, 226, 261, 267 
Propyl «looho 42 ^ 

— radicle, 216 * 

Propylene, 212 
Prulaurasin, 3, 888 
Prunase, 3, 8W 

Pmtntu Amygdaltu^ var. Amara, 
382 

, var. Dulcis, 383 

— Lauroc$r(mu, 383 
Prussian blue, 123, 806 
Prussic acid, dilut^, 301 

, Soheele’s, 301 

PulYii'SodM TartaratiB Efferyeictiii, 

• 86 

Punka Qranatum^ 404 
Purified ether, 231 
Purine, 402 
—, derivctives of, 402 
P}^azolone, 266 t , 

' Pyridine, 387 
Pyrites, 26, 122, 142, 164 
P^l)orio acid, 43 
Pyromllic acid, 364 
Ucl, 364 t 
'%us acid, 216, 246 
_ * iric acid, 39 
Pyroxylin, 323 o 
Pyr6iyU&iim,^3 
P^ivio %oid, 264 


Quaternary ammoaimn saltB,«30l 
Quicklime, 98 
Quillaia bark, 884 
Quillaiasapogenin, 384 
.Quillaiasapotoxin, 384 
Quillaic acid, 384 , 

Quinic acid, 393 
Quinidine, 393, 804 c 
Qninints ^droohloridum, 886, 4C 
Addum, 896, 404 

— SulphfuiLSOd, 404 

Quinine, 888, 404 , 

— hydrochloride, 394, 896, 404 
, acid, 394, 896, 404 9 * 

— sulphate, 394, 886, 404 • 

— , testa for, 394 

Quininic acid, 304 
Quinol, 361, 868 
Quinoline, 387 
Quinone, 363 

KaCemic aci^, 207 
Racemisatiofi, 295 

Kaoult’s method for ‘'^molecular 
weights, 199 ^ 

Realgar, 142 , « 

Rectified oil of turpentine, 376 

— spirit, 222 

Red cinchona bark, assay of, 408 
^ lead, 168 

— mercuric iodide, 161 
oxide, 168 

— precipitate, 168 
Reduced iron, 124 
Refined sugar, 320 . 

Reimer-Tiemann reaction, 867, 364 
“ Resin acids ”, 386 
Resolution of df-mixtures, 296 
Resorcin, 363 

Resorcinol, 363 

Reioroiniim, 353 

Rhein, 386 

Rhombic sulphur, 22 

Rhubarb rhizome, 284, 884 

Rice stiu’ch, 323 

Rochelle salt, 84 

Rook salt, 74 

Roll sulphur, 22 

Ruraian oil of turpentine, 37^ 

Sacoharated iron carbonate, i 
phosphate, 131 

— solution of lime, 100 
Saccharin, 362 
SMohamm Laotis, 321 
~ Parifloat^ 320 
Sal ammoniac, 94 
—^volatile, 91 

, spirit of, 93 

Salicin, 366, 882 
— , tests Ar, 382 
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4xS 


S!^S(^806 

87» 104, 868, 860 

, derivatives of, 365 

^ — , teats for, 365 
laligenin, 806 
folM^ speoiie of, 382 

lait cake, 76 
4^ oommercial, 74 

— of ^moa«285 
sorrel, 286 

tartar, 54 
laltpetre, 63 

Umomeyer^s reaction, 334, 844 

lapo Animalif, 877 

— Dunn, 278 
-Mom8,278 
lapogenins, 384 
Saponification, 277 

— values, 276 
Saponins, 384 

£M:i(i, 203 

SatunWL compounds, 2uu 
3^6 prepafMionB, 133 
Scammony, 386 • 

3oheele’s Frussic Acid, 301 
Secondary alpofiols* 226 

— amines, ^09 * 

— butyl alcohol, 226 
Seidlitz powder, 86 
Selenium, detection of, 27, 162 
Senega, 384 • 

Senegin, 384 • 

Senna, 384 
Sesame oil, 276 
tevnm PwBparatum, 276 
Sherry, 137 
flid|^ig|jmiius, 330 
Silicon, compounils of, 48 
Silver aoetylide, 21% 

— , compounds of, 160 

*e^vanide, 303 

— glance, W6 

— nitMte, 166 
— , testolor, 166 
Sinigrin, 308, 888 

"TSlaked lime, 00 
Soaps, 87f 

— , impurities in, 278 
Soapstone, 49 
Bo^ tartarata, 84 
drtUt'Bsh, 78 , 

Soda-lime method for nitrogen estima- 
tion, 198 

8o6tt Azndw Anbydrofiis, 62 

Bfoioaf, 80 

72 

— BroBl«a]iit75 

— OarilKMiti, 70 


nm{omui,y 

— . OarbooM Bataatsii 82 

— Ohloridnm, 74 
•tPotaniiTaftni. 84 
Hypopboiphii, 81 * 

Ibddim 76 

— in5fiT7 

— Phwliai,78 
Aoidai. 80 

— Bfferveioani, 79 
StUoylM, 86, 364 
Sulphas, 76 
Sodium ac;i<l phosphate, 39, 80 
aluminate, 138 
ammonium phosphate, 39 

— racemate, 207 

— arsenate, anliydrous, 82 
, solution of, 84 

- arsenite, 144 
-- benzoate, 86% 

- biborate, 46 

— bicarbonate, 72 

— biphosphatts 80 

— bromide, 76 

— carbonate, 70 
, exsiccated, 72 

chloride, 74 . • 

, eloctrolynis of, 71 

— . compounds ef^ 60 

— dihydrogcn phcapliate, 3w,^. 

-- formate, 246, 284 

hydrogen carbonate, 72. 

— hypophosphite,,8U 

— imlide, 76 

— - iHo-valerianate, 120 
•— mcrcaptide, 226, 

— methoxide, 216 

~ methyl salicylate, 366 

— nitrite, 77 

— pheiiato, 347 

— phenyl carbonat<% 364 

— - phosphate, 30, 78 

— potassium tartrate, 84 

— pyro -arsenate, 83 

— pyroborate, 46 

— salicylate, 86, 364 

, dispensing of, with bioarDou- 

ates, 87 

— sosquicorbonate, 73 
, — sulphate, 76 

L — , testa for, 60 
•^Soft paraffin, 200 

— soap, 278 

Solanaceous plants, 898, 404 
Soluble gluside, 362 
Solution of potashf 63 
^Ivay’s process, 70 
Sombrerite, 37 1 

ISpathic iron ores 122 
Speciflo rotation, 293* 

' Spermaoeti,*277 
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Spirit of nitrous etSlfer, 261 

salt, 16, 46 

Spiritu Nitron, 261 

— AmmonUe Aromaticus, 03 
Fetidtts, 93 

— Reotifldktaf, 222 
Spiritus Tenuior, 223 
Starch, 322 

— , soluble, 322 

St^fiirt deposits, 51, 02, 100 

Stearic acid, 262 

Stearin, 274 

Stereoisuinerisin, 203 

Stibnito, 147 

Storax, 368 

Strong solution of aintnuiiia, 32 
Strontianito, 107 
StrQptii Bromidnm, 107 
Strontium bromide, 107 

— carbonate, 107 i 
compounds of, 107 

— hydroxide, 108 
Strophanthidin, 384 
Strophanthiii,'384 
StrophanthuH Kotnhd, 384 
StrophanthuH seeds. 384, 406 
Structural formulajf ^)0 
StryoJAina, 401, 404 

StrjgMaa Hydroo^ridum, 402, 404 
Strychaide, 400, 401, 404 
— Cydrochlorido, 402, 404 
tasts for, 400 

iStrychms Nux^omica, 400. 404 
Styraz Prnparatas, 368 
Substitution products, 20.6 
— , rule of, 336 ^ 

Suocinainido, 287^ 

Suooinic acid, 286 

— anhydride, 287 
Suouimmido, 287 
Sarom Limonis, 200 
Sucrose, 319, 320 
Sugar of load, 170 
— , refined, 320 
Sugar-beet, 819. 320 
Su|ar-cane, 819, 320 
Sugar-maple, 320 
Sugars, 314 

Sulphanilio acid, 389, 345 
Suipho-b4nzoic acid, o-, 362 
Sulphon^ 227 t , 

^Iphonio acids, 335 
Sulphur, 22 

, detection of, in organic com- 
pounds, 191 

— dioxidv, 29 » 

—, flowera of, 22, 23 

— Lotum, 26^ 

■r ointment* 23 

-, preoipitat^ 24 
sublimed, 23 


Sulphtir Pmoipitatiim, 24 - 

— Sublimatum, 23 

Sulphurated antimony, 149 

— limo, 103 

, — potash, 61 
Sulphuric acid, 26, 26 

, aromatic, 28 

, diluted, 28 

Sulphurous acid, 29 

Sweet spirit of nitre, 20 1 

Sylvostrene, 376 

Sylvine, 61 , , 

Synthetic alkaloids, 387, 8^, 

398, 404 r » * 

— cait^hor, 377 

— processes, 215 
Syrup, Easton’s, 13(1 

— of calcium lactophosphatc', 107 
ferrous iodide, 129 

phosphate, 130 

— — hydriodic acid, 21 

iron yhosphato with quinine 

and strychnine, 130 
Syrupus Acidi Hydriodici, Si 
- Calcii Lactopbospnatis, 104< 

— Ferri lodidi, 129 t ' 

PbosphatiS, 130 

cum Quinina et Strychnina, 

130 

JjyrupuH 'ri i'p>hos|)hatis, 430 

Tabell® Trinitrini, 282 

Talc, 49, 101) 

Tannic acid, 385 « 

Tannin, 385 ‘ 

Tannins, 3S(i 
Tar, 216 

Tartar emetic, 150 
Tartarated antimony, 160 

— iron, 136 

— soda, 84 

Tartaric acui, 2818, 289 

, d; 297 

, 1; 297 

— acids, isomerism of, 206 
Tartrates, 289 

— , tests for, 289 
Toa, 403 

Tellurium, detection of, 

Torebene, 376 • , 

Terebenum. 376 
TerephthGdfc acid, 362 
“ Terpeneloss oils ”, 373 
Terpenes, 373 
— , derivatives of, 376 
Tytiary alcohols, 226 
— ^minos, 309 
— ^utyl alcohol, 226 
Tetraboric acid, 43 
Totra-ethyl ammonium bromic 
Tetramet^l methane, 208 
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hebalxkiBi 397, 399 
'hem», 403 
7i6iiard*i blue, 138 
^)|«o6n>ma Cacao, 404 
lieolHtoiiiiiMB 8t Sodii SftUojlaf, 408, 
404 

lieobromine, 402, 403, 404 
~ and sodium tialicylnt<^ 403. 404 
— , sodium flerivrttive of, 4<Kt 
n^erapic acid, 275 
[*»-alcohol8, 220 
['rnwyanatos, 307 
rhiosmarairil), JOS 
|hiouria, j07 

rnymol, ^2. 351 

Thymus vulgaris, 361 
rincal, 43 

rinctura OinchofiflB, assay of, 410 
Composita, assay of, 410 

— Ferri Perchloridl, 12H 

— lodi Fortls, 16 
Mitis, 16 

— Jalaps, assay of, 386* 

^mics, assay of, 413 

Tincture of^jinohona, assay of, 410 

ferric offlorido^ 128 

iodine, strong, 15 

, weak, 16 

jalap, Assay of, 38|1 

nux vomica, assay of, 413 

opium, assay of, 414 

Toluene, 330 

— , action of chlorine on, 333 

— sulpbonic acK^ 330, 362 
Toluidinos, 341 

Tolyl diazonium chloride, p-, 343 

— radicles, 333 
Toughened caustic, 107 
Treble bonds, 214 
" THuiiul in, 274, 280 
Tribromoniline, 339 
Tribromophehol, 2,^, G-. 347 
JJrkihloracetaldehyde, 238 
Tmchloracotic acid, 239, 247 • 
Tricliloracetone, 270 
Trichfbranilino, 339 
Trihydrie alcohols, 274 

V— phenols, 364 

Trihydro^ benzene, 1, 2, 3-, .3641 
Trimetfiylamino, 309 

— sulphate, 310 

Trimethyl benzene, I, 3, 5*, 331 
^^Kantkine, 1, 3, 7*, 403 
^mitrobenzene, 1, 3, 5-, 330 
Trinitrophenol, 360 
Triolein, 163, 274 
Trionak 227 
Tripalmitin, 274 
Triphenylamine, 341 
Triflteann, 274 


t Tiochis^ation, l(y 
Tropic (k'id. 392 
Tropine? 389 

I Turnbuirs blue, 123, 306 
I Turpeth^386 

, UltramarVie, 320 
i rnder-proof spirits, 224 
i Unguentum Hydrargyrl, 168 
Compoiitum, 168 

Nitratls, 102 

™ lodi, 16 
- Sulphuris, 23 
ITnsttturated compounds, 21 1 
- - -, h'sts for, 212 
hydrocarbtms, 210 

— inoiKM’urbowlic acids, 267, 3G8 
lTr.‘n, 2G4, 307,'311 

b)drochloralc, 312 # 

- , hypobromiUsostimotion of, 312 
- nitrate, 312 ^ 

Urcides, 312 
— , cyclic, 312 
Ureido-ocids, 312 
Uric aoid, 402, 408 
Urine, 311, 403 • 

Urotropine, 2311 q 

• f 

Valerian rbizorne, 252 i 

Valerianic acid, itai*, 120, 2431^’^^ 

, optically activ(vl20, 262 ^ 

ValerO'hwtoiKs y-, 255 ^ 

Van’t Hoff, 294 

Vapour density, olerlrminaiioii of, 
197 

Vaseline, 209 
Vcg4*lablo alkaloids, 3H7 
V'erdigri^, 248 
Veronal, 313 

Victor Moyer’s vapour lieiiHity 
iiiethoil, 197 
Vinegar, 240 

Vinous preparations of iron, 137 
Vinum Ferri, 137 
-- Citratis, 137 
V inyldittcctoiittlkamino, 390 
Vinyldittcetoiiarnino, 390 
Vitamin A, 275 
Volatile oil of Tiiusianl, 308 
— oils, 373 

► Wa«he(^ sulphur, 25 
Waxes, 277 
Wheat starch, 323 . 

I White vitriol, 1 19 
j Will and Varrentrap’s nj^liod for 
; nitrogen estiiiiAtion, llo 
* Wine of iron citsate, 137 


tWood sorn-l, 284 
4 tar, 216 , • 

, Wool fat, 277 
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Wrought iron, lt2 * J 
WQrtz reaction, 206 f 

Xanthine, 402 ! 

Xylenes, 331 | 

• /. 

Yeast, 218, 219 

Yellow mercurial lotion, 163 

— mercuric oxide, 169 

— wash, 163 

Zinc acetate, 110 
t- blende, 114, 119 

— carbonate, 1 17 
, basic, 1 16, 117 

— chloride, 117 
, solution of, 1 1 H 


Zinc {oorUd,)-x 
^ -—/compounds of, 114 
- 7 -, extraction of, 114 

— oleostearate, 279 

— oxide, 115 
•—oxychloride, 117, 118 

— sulphate, 119 
— , tests for, 116 

— valerate, 120 

— valerianate, 120 
Zind Aoetas, 110 
— Oarbonas, 117 
— ChlorUum, 117 
— Oleosteaias, 279 
-- Oxidum, 116 

Snlphas, 119 
— Valerianas, 120 
Zymase, 219 






